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PART Ii (Continued) “ 
Train speeds and services in different countries. 


XVIII. — SWEDEN. 


SUMMARY. 


CHAPTER XLIX. 


1. General. 

2. Track- and loading gauges. 

3. The railway system. — The Railway Com- 

panies. 

Transverse lines. 

Alternative routes. 
4, International lines and train ferries. 
5. Traction. 

Electric traction. 

Turbine locomotives. 

Railcars. 

6. Sleeping- and restaurant-car services /Swe- 
dish State and Norwegian State Rys. and 
Mitropa Co.). 

7. Train speeds. 

8. Conclusion. 

9, Appendix. — The boat services. 


CHAPTER XLIX. 


XLIX-1. — General. — Some of the 
main lines of the Swedish system radiate 
from Stockholm, and others, in the extre- 
me South of the country, run towards 
other capitals. The system is completed 
by some important transverse lines and 
a longitudinal one which runs _ parallel 
to the Scandinavian Alps and the fron- 
tier. There are thus three great longi- 
tudinal lines 


the furthest east, from Tralleborg to Nissjé, 
Stockholm, and MHiirnédsand (1111 km. = 
690.3 miles) ; 

the central one, from Géteborg to Hallsberg, 
Briicke and Boden; 

the western, from Géteborg to Ostersund 
and Avidsjaur. 


The cartogram of train speeds (fig. 
326-Norway) shows clearly the main traf- 


(1) Cf. Bulletin of the Railway Oongress, October and November 1933; January, May, 
June and July 1934; February, March, April, May, July and October 1935; March, May, 


June and July 1936. 
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fie currents — naturally differing on the 
longitudinal routes mentioned above — 
and table 294 gives details concerning 
them, and regarding long-distance runs 
covered at moderate speeds. 


XLIX-2. — Track- and loading gauges 
(fig. 327). — Unlike Norway, Sweden, 
from the beginning, adopted the standard 
gauge both for its main lines and a cer- 
tain number of secondary ones. As in 
Norway, some of the latter, particularly 
in the South, were built to 4067-m. 
(3’ 6”) gauge, but there is also a con- 
siderable extent of narrow-gauge lines, 
generally 0.891-m. (2’ 11 5/64”). 
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Whilst there are still some 500 km. 
(310 miles) of 3 ft. 6 in. gauge lines, 
208 km. (129.3 miles) of which are oper- 
ated by the Blekinge-Kustbanor Co. (*), 
the Képing-Uttersberg-Riddarhyttan Ry., 
59 km. (36.6 miles) long, is the only one 
to have been built to 1093-m. (3’ 7’) 
gauge. 

The narrow-gauge lines are owned by 
many companies, four of which operate 
more than 100 km. (62 miles), two more 
than 200 km. (124 miles), and two others 
more than 300 km. (486 miles) of rail- 


ways (2). Here again, there is an un- 


TABLE 288. 


Constructional gauge 


Maximum height 
width 


= 1001s 
- Mm. 


4.800 (157 9/7) 
4.240 (137 11//) 


TRACK GAUGE. 4 ft. 8 1/2 in. 3 ft. 6 in. 3 ft. 11 in. 
Loading gauge : 
Maximum height .m. | 4.300. (1471 5/16”) | 3.600 (11/9 11/382/’))| 3.850 (1277 19/32/) 
= width .m.} 3.400 (1172 1/8/) | 2.800 (9/2 1/4”) 2.650 (8/8 3/8’) 


3-100 2A A674) 
3.800 (12/5 5/8/7) 


4.000 (1371/7) 
3.600 (1179 11/327) 


(1) Other 1 067 m. (3’ 6’) gauge lines are : 


Km, Miles. 
Viixjo-Tingsryd . 10 6.2 
Halmstad-Bolmen 66 41.0 
Honshylte-Kvarnamiila raul ihe {0) 
Karlshamn-Vislanda-Bolmen 29 =18.0 
Ostra-Blekinge 65 40.4 

(2) 2/ 11/7 gauge railways : 

Byvalla-Liingshyttan 27 ~=6©16.8 
Dala-Ockelbo-Norrsundet. 86 53.4 
Falkenberg. 102 63.4 
Gotland. Un -UP6t 
Hjo-Stenstorps 55 = - 84.2 
Kalmar-Berga 17 = 47.8 
Kalmar-Torsiis 40 24.9 
Kinnekule-Lidképing 29 ~=«:18.0 
Lidk6éping-Hikantorps. 28 «(17.4 
Lidk6ping-Skara-Stenstorps . 5031.0 


Km. Miles. 
Ljungbyholm-Karslunda . 19 118 
Mariestad-Moholm . ny alle 
Monsteriis . sae eees 70 3943.5 
Nordmark-Klarilvens . 3) sheave 
Do. electric 102~=-63.4 
Norsholm-Viistervik-Hultsfred . 232 144.2 
Oland. rere Co 151 93.8 
Ostergétlands smalspariga Jern 316 196.4 
Do. electric . ee Tk aed 
Ostra-Virend  (Brittatorp-Alghults- 
by). va asa TARE ay eee a 4.3 
Stockholm-Roslagen 319 198.2 
Do. electric . 21 130, 
Uddevalla-Leliingen. 89 = 555.8 
Viistergotland-Goteborg 254 157.8 
Viixjé-Aseda-Hultsfred. TS ele 
Vetlanda. 81 503 
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..+3.440 


A 2.850 
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So 
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co 

= 


Gauge for 2' 41” track. 


Gauge for 3’ 6" track. 
7. — Loading gauges, Swedish State Railways. 


1/2" track. 


ry 


Gauge for 4' 8 


32 


Fig. 


usual gauge, 0.802-m. (2’ 7 5/8”) used 
on the 80 km. (50 miles) of the Héille- 
fors-Fredriksberg (Safnis) Ry. and the 
4 km. (2.5 miles) of the Dalkarisberg Ry. 

Finally there are 183 km. (443.7 mi- 
les) of 0.60-m. (1’ 11 1/2”) gauge 
line" (+). 

The maximum loading gauges on stan- 
dard 3’ 6” and 2’ 11” lines (fig. 327) are 
as shown in table 288. 


XLIX-3. — Though the system is fairly 
dense south of the Gavle-Orsa line, par- 
ticularly in the central Stockholm-Kil- 
Orsa region, and in the extreme South, 
in the Malmo-Hassleholm district, it 
thins down considerably north of Giavle- 
Orsa. 

Although since the repurchase of some 
of the private lines, the Swedish State 
operates over half of the total railway 
system, i. e. 7528 km. (4677.7 miles), 
geographically the lines are very une- 
qually distributed between the State and 
the private Companies. Thus, in the 
North, the relatively few railways north 
of Gavle all belong to the State. In or- 
der to link them up with its southern 
lines, it bought up on the 1st August 
two private railways — the Uppsala 
Gavle, 114 km. (70.8 miles) long and the 
Ostkustbanan, 320 km. (200 miles) — 
and it took on lease the 38 km. (23.6 mi- 
les) of the Gévle-Ockelbo Ry. 

In spite of the dense railway network 
in the centre and South of the country, 


(1) 0.60-m. (1’ 11 5/8/) gauge railways : 
Jonképing-Gripenberg . 44 km, (27.3 miles). 
Nattraby- Alnaryd- Al- 

meboda. ... . . 49km. (30.4 miles.) 
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the system owned by the State is no more 
closely knit than in the North and is con- 
fined to the following main lines (fig. 
330) 


Stockholm-Malm6-Trilleborg. ; 
Stockholm-Laxa-Géteborg and lLaxa-Char- 
lottenberg (to Oslo) with a branch to Hs- 
kilstuna. 

North to South transverse line from Mjélby 
to Alvesta and Ockelbo. 


A few important connecting lines: 
Norrképing-Katrinehohn. 
Niissj6-Falképing. 
Hiissleholm-Veinge. 

Transverse line on the South-west coast, from 
Malmé to Gétebore with an extension to 
Strémstad, near the frontier. 


The numerous other railways making 
up the system are privately owned, but 
unlike the practice followed elsewhere, 
the Companies own both main and se- 
condary lines sometimes laid to standard, 


BB 


Fig. 328. — New Falkopino station, 
Goteborg line, Swedish State Railways. 


and elsewhere to narrow gauges. Some 
of them operate trunk lines, even see- 


Avucust 1936 


tions of international routes, such as the 
Dalsland Ry., from the Norwegian fron- 
tier to Mellerud (65 km. = 40.4 miles), 
which is a link of the main line from 
Oslo to Germany and Denmark. A si- 
milar situation occurs in Belgium, where 


Fig. 329. — New Stockholm C. station. 
the 61-km. (37.9 miles) of the Namur- 
Liége line, owned by the Nord Belge Ry., 
forms an important section of the Paris- 
Berlin international line. 


It is curious to note that most private 
companies only operate a single railway 
line, often a very long one, say 200 to 
400 km. (124 to 248 miles). Certain 
districts are only served by such lines, 
and two or three standard-gauge  rail- 
ways, each belonging to a different com- 
pany, often servé the same town. 

The evolution of this economie system 
is slow. Only a few of these companies 
operate other lines in their district. In a 
couple of cases, a further stage of deve- 
lopment has been reached : that of the 
grouping, under the same management, 
of lines belonging to various companies 
like the London Chatham & Dover and 
the South Eastern Railways in England, 
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Standard-gauge railways (North to South). 


Stale Railways. 


G.O. = Gavle-Ockelbo. 

G.D. = Giavle-Dala. 

G.S. = Géavle-Sala. 

8.D. = Sédra Dalarne. 

Be = Bergslagernas Jiirny. 

V. = Stockholm-Visteras-Bergslagens Jarny. 
U.B. = Uppsala-Enképing. 

N. = Nora-Bergslags Jirny. 

G.O. = Grangesberg-Oxelésund. 

K.F. = Kil Fryksdalens Jarnv. 

D.V.V. = Dal-Vastra-Varmlands Jarny. 

D. = Dalslands Jarny. 

U.H. = Uddeyalla-Vanersborg-Herrljunga. 
O.C. = Ostra Centralbanen, 

Nass. = Nassjé-Oskarshamn, 

H.N. = Halmstad-Nassjo. 

G.A. = Goteborg-Boras-Alvesta. 

A.V. = Alvesta-Vaxjo. 

K.VY. = Karlskrona-Vaxjo. 

Kk. = Kalmar. 


For extreme South, see fig. 335. 


3 ft. 11 in. railways, unless statedZotherwise. 
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Dala-Ockelbo-Norrsundet. 
Stockholm-Roslagen, 
Koping-Uttersberg-Riddarhyttan (3’ 7”). 
Hallefors-Fredriksberg (2&7 1/2”). 
Nordmark-Klaralven-Hagfors. 
Norra-Ostergétland, 
Norsholm-Vastervik-Hultsfred. 
Uddevalla-Lelang. 


‘Sa AAAR APS 
BOR maro 
on 


V. = Vastergotland-Goteborg. 

F, = Falkenberg. 

K.V.B. = Karlshamn-Vislanda-Bolmen (3’ 6”). 
HK = Honshylte-Kvarnamala’ (3’ 6”). 

vee = Vaxjo-Tingsryd (3 6”). 

N.S.V = Norrképing-Séderk6ping-Vikbolandet. 
M.O. = Mellersta-Ostergotland. 

N.V.H. = Norsholm-Vastervik-Hultsfred. 

Wie = Vetlanda. 

OS. = Ostra-Smaland. 

K.B. = Kalmar-Berga. 

B.L. = Blekinge-Kustbanor (3’ 6”). 

O.B. = Ostra-Blekinge (3’.6”). 

N.A.A. = Nattraby-Alnaryd-Almeboda (1’ 11 5/8”). 


Fig. 330. — Aportionment of railways in cen- 
tral and southern Sweden between the State 
(heavy lines) and the private Companies, 


Note : All State railways are built to standard gauge. 
Standard gauge. 
== Private companies § 2’ 11” gauge. 


* ee Se ae 3° 6” gauge. 


and more recently the Paris-Orléans and ways belonging to three different compa- 
Midi Rys. in France. nies (fig. 330) .: 


; ; 7 The Frévi-Ludvika Jérnvigar ; 
ine WO MBO, Grangeserg The Oxelésund-Flen-Vistmanlands Jérnvd- 


Oxelésunds Jérnvig is an instance. It Aine 
consists of 300 km. (186 miles) of rail- and the 6rebro-Képing-Jdrnvigar. 


5 
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It also operates the 4 km. (25 miles) © 
OY. 
of the Stora-Gulsmedshyttan Ry. He Alp 
This Traffic Board is interesting from a 
another point of view as well : it was Ht 
the first to use a non-condensing turbine om 
locomotive and the first to place further ff 
orders for this type of engine after its TI 
first trials. Hi 
A group of 0.891-m. (2 141 3/64”) a CaS 
: . 8 4 
gauge lines has also been formed. It is sh a ¥ 
i < . + ms Na 
known as the Ostergéttlands Smalspariga ri g 
Jérnvigar and operates the 387 km. @ J Weg | hd os - 
(240.5 miles) of railways owned by the Mohan eee 
following companies : 3S 
inup] s 
The Central Ostergéttland, at sarees e 
The North Ostergétland, 8 4 a Za 
The Norsképing-Séderképing Vikbolandet, i o 
and the Véderstad-Skdnnige Briinnige. BA \'' ct 
3 Y t} 5 
S i! oS 
+ | 
° II oI 
3 oi a 
x olf! oa 
v ss ab s 
= il a 
: L < 
: ! z 
XS ij Z Cs 
2 Sf A bi GF 
= A RZ ¢ 
4 { : a 
i! A 
Hl iS 
H 
" — 
i Sai 
3 Sai 
3 “Ty eae 
‘ RS -£ bh 
lj ca 
t 
Fig. 331 (*). — ‘Cross section of the i 
Stockholm bridge. vd iS i 
S lj 
Important private systems of very dif- 5 a! 
ferent character start from Gavle, Stock- : i 
holm, Géteborg, Halmstad, Malmo, Ystad, : itl 
Karlskrona and Kalmar. s 3 Ge 
: =]/s 
3 =//5 
: Wh 
(*) From Organ fiir die Fortschritte des SG 


Hisenbahnwesens. 
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Out of the eight lines radiating from 
Stockholm, two only, a northern and a 
southern one, belong to the State; they 
are linked up across the centre of the 
town (fig. 330) by means of an impor- 
tant bridge over the Viken (figs. 331 and 
332). 


The SrockHoLm - VASTERAS - BERGSLAGEN 
owns 413 km. (256.6 miles) of railways. 
Its main line, 298 km. (185.2 miles), 
reaching Ludvika and Vansbro, provides 
an alternative route of 621 km. (385.9 
miles) instead of the 456 km. (283.3 mi- 
les) of the State Rys., between Stockholm 
and Géteborg, via Kil instead of Falkép- 
ing. 

The importance of the 64-km. (39.7 mi- 
les) railway of the StockHotm-Nynas Co. 
is due to the packet boat services between 
its terminus at Nynashamn und Visby 
in the island of Gotland. The passage 
takes 7 1/4 hours. 

The Stockholm northern private sys- 
tem, of 0.891 m. (2 11 5/64”) gauge, 


The Dal Vistra Virmlands Jéirnvag. 


the Kil FPryksdalen Jaérnvig. 
and the Lédése Lilla Edet Jarnvag 


It has formed with the Gévle-Dala and 
Sédra-Dala Companies an important 
group known as the « Bergslagen Route ». 

In these districts, the important 0.891- 
m. (2’ 11 5/64”) gauge lines are those 
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which belongs to the Srock#otm-Rossia- 
GEN Company, comprises 325 km. (202 mi- 
les) of railways, 21 km. (13 miles) of 
which are being electrified. 

The GAvie-Data Ry’s main line runs 
towards the Scandinavian Alps; it is 223 
km. (138.6 miles) long as far as Alvdalen, 
but expresses only run as far as Rattvik. 
Other railway companies in the same dis- 
trict each built lines linking up the same 
places although only sometimes 20 miles 
apart only (figs. 330 and 333) (+). 


The BERGSLAGERNAS JARNVAG is an im- 
portant Railway Company; its main line, 
from Géteborg to Kil and Falun, is 478 
km. (297 miles) long. This Company 
runs its own sleeping cars, between G6- 
teborg and Oslo, and restaurant cars, 
from Oslo to Malm6 and from Géoteborg 
to Ludvika. There is only one 8-km. (5 
miles) branch to the town of Filipstad, 
lying to the West of the main line (?). 
On the other hand, this company leases 
the following private railways 


182 km. (113.1 miles), 
82 km, ( 51.0 miles), 
15 km. ( 9.3 miles). 


of the Nordmark-Klarilven (171 km, = 
106.3 miles of electrified line) (*) and 
Sédra Dalarnes Jirnvég (134 km. = 
83.3 mile) (*). 

The Géteborg railway system is very 


(1) The Gdavle-Dala Ry. (29 km = 


18 miles), joins Fulen and Repiken. 


Immediately 


to the South, are the 30-km. (18.6 miles) of the Bergslagernas Jarnvdg. 
37 km. (23 miles) further South still, the position of Ludvika and Stilldalen, is very 


similar. These towns are linked up by the 


miles) and the Bergslagernas Jérnviig, 35 km. (21.7 miles) long. 


Gringesberg-Oxelésund Ry. 


(385 km. == 21:7 
In this case, the two 


lines starting from the same place end at the same town and cross each other on the way. 
s starting 


(2) Here again the railway is duplicated, as a line belonging to the State links up the 


same points. 
(3) This railway is divided up as follows 


Filipstad West-Munkfors and branches. 102 km. 


Munkfors-Karlstad Hast. . . 


Karlstad East-Skoghall (steam traction) 


(63.4 miles). 
(36.7 miles). 
( 6.2 miles). 


59 km, 
10 km. 


(4) Expresses serve this 128 km. (79.5 miles) long line from Rittvik to Krylbo. 
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similar to the Stockholm one, and as with 
the latter two only of six radiating lines 
belong to the State. Three of the Com- 
panies owning the other railways are im- 
portant (fig. 333) particularly the 
BERGSLAGERNAS JARNVAG and the VASTER- 


; ‘ 
i + 3¢Stervatleshagna 
; \ 


‘. 
\ 
Be arna 
*,,,. *Nydpeskar o <a 
* \ Sey 


© 
By 5oe 


oS ie) 
A (er cate 
ei , 
FROLLAATTAN’ 
it 


CauinesAS L A N D 


ULRICEHAM)) 
5 


Legend : 
_ 1h = Bergslagernas Jirny. 
K. F. = Kil Frijksdalen Jirny. 


GOrEBORG-Boras-Atvesta JARNVAG with 
221 km. (137.38 miles) of lines. There 
is a 132-km. (82 miles) extension belong- 
ing to the Alvesta-Vaxjé and Viaxjé-Karls- 
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GOTLAND-GOTEBORG JARNVAG, the latter, a 
254 km. (157.8 miles) long, 0.891-m. 
(2’ 11 5/64”) gauge railway. These Com- 
panies’ lines run north following respec- 
tively the western and eastern banks of 
Lake Vanern. The third Company is the 


~~ 28 


Fig. 333. — The Bergs- 
lagernas Ry., from the 
Cattegat towards the 
Gulf of Bothnia, part 
of the Géteborg-Dalar- 
ne-Giivle System. 


= Dal Vastra Varmlands Jiarny. 
= Givle Dala Jirny. 
= Sddra Dalarne Jirny. 


krona Railways, so that this route runs 
across the whole of the southern part of 
the peninsula from the Cattegat right to 
the Baltic (*). 


ee eee 
(1) The remaining important private railways in the district are : 


Uddevalla-Viinersborg-Herrljunga Jiirnviig . 


Varberg-Boras-Herrljunga . 
Skine-Smalands Jiirny. 
Kalmar Jiirny. (*) 


Linképing-Hultsfred (Ostra Centralbanan) 


Ostra-Skanes Jiirny. . 


(*) Besides this Company, two others serve Kalmar 


km, 
same gauge]. 


(47,8 miles) 2711” line] and the Kalmar-Torsas [with 40 km. (25 miles) 


92 km. ( 57.2 miles). 

127 km. ( 78.9 miles). 

150 km. ( 93.2 miles). 

195 km. (121.2 miles). 

melon kane ( 76.4 miles). 

3 si lem, (107.5 miles). 
the Kalmar Berga [with a 77 


to the 


Aveust 1936 BULLETIN OF THE InT. Rattway Concress ASSOCIATION T17 


way operated by the State runs from 
Tralleborg to Malmé, where it splits up 
into two branches, the first continuing 
to Stockholm and the other to Angelholm 
(Géteborg). 

All other railways are privately owned 
and in several instances, some of these 
lines have been almagamated for joint 
operation. Certain lines, such as the 
Malm6-Tralleborg (section of the Malmé- 


Fig. 334. — Standard-gauge railways west of 
Stockholm, belonging to the State (heavy 
lines) and to private Companies. 


Legend : 
G.O. = Grangesberg-Oxelosund Jarny. 
G.S. = Gayle-Sala Jarny. 
N. = Nora-Bergslagen Jirnv. 
S.N. = Stockholm-Nynis Jarny. 
6.C. = Ostra Centralbanan Jirny. 
VY. = Stockholm-Viasteris-Bergslagen Jarny. 


The 411 km. (255.4 miles) of the 
Hatmstap-NAssjo Co. comprise two main 
lines, the Halmstad-Nassjé (196 km. = 
121.8) and the Halmstad-Falkoping (190 
km. = 118.1 miles) (7), and a few bran- 
ches. 

In the extreme southern part of the 
Skane province, there are a series of 


: ee ; 7 Fig. 335. — Standard-gauge railways in the 
ports: Halsingborg, Landskrona, and province of Skiine, helonging to the State 
Malmé in the West; Tralleborg, and (heavy lines) and to private Companies. 
Ystad in the South; Simrishamn and aes 
Ahus (for Kristianstad) in the East. IH. = Halsingborg-Iassteholm. 

oe ie. a Ea ristianstad-Hassieholm, 
The way the system has been divided up ee Taciaicens ochaliaicingbors: 
G ] M.S. = Malmé-Simrishamn. 
between the State and private Pa, SI ani aetat natty 
] j isti ig, 350) 6 O.S. = Ostra-Skanes. 
4 also quite characteristic (fig ) S$ 0.A. = Sélvesborg-Olofstrém-Almhult. 
_ Apart from a few branches, the only rail- VB ee Vatad’ Bslov. 


(41 miles) 1067-m. (3/6) gauge] and the Niissjo- 


a Ny km. nan 
(US EE le Ob aoe standard gauge) belong to different com- 


Oskarshamm Railways (149 km. = 92.6 miles, 
panies. 
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Simrishamn Company) duplicate the 
State line (32 instead of 30 km = 20 
instead of 18.6 miles). Others such as 
the Hélsingborg-Hassleholm and Malmé- 
Ystad lines complete services to the inter- 
national ports and the latter provides the 
quickest route between Denmark and its 
Island, Bornholm. 

Malmé is served by the following com- 
panies : 


Km. Miles. 

Malmé-Simrishamm (1) . 207 128.6 
Malm6-Ystad . 63 39.1 
Malm6-Genarp 28 817.4 
Ystad-Eslov ee, eee OmeEe (ee 
Do. works the Ystad Brésarp . 30 18.6 
Do. works the Ystad St. Olof. 43 26.7 


In the North-West there are three other 
companies 


Km. Miles. 

Landskrona-Lund-Tralleborg 74 =©45.9 
Landskrona-Hiilsingborg (and Es- 

léy) eee 60 = -:37.3 

Hiilsingborg-Hiissleholm (2) 149 92.6 

And in the North-East 

Km. Miles. 

Ostra-Skiine 173. 107.5 

Ostra-Blekinge 65 40.4 

Ostra-Centralbanan. 123 «76.4 

Kristiansand-Hissleholm. LAG zal 


Finally it should be added that the in- 
sular systems. are built to the 0.891-m. 
(2’ 11 5/64”) gauge. Oland has 154 km. 
(93.8 miles) and Gotland 117 km. (72.7 
miles) of railways; on the other hand, 
Bornholm (Denmark) has 418 km. (73.3 
miles) of 1 067-m. (3’ 6”) gauge lines. 


TRANSVERSE LINES. Several of the 
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transverse lines carry much traffic and 
are worthy of more than passing men- 
tion. 

The Tralleborg and Halsingborg train 


ferries are links in the international ser- | 


vices towards Stockholm, as well as tow- 
ards Géteborg and Oslo. Although a 
radiating Norwegian line, this latter line 


Fig 
2. 
tern Sweden showing the Copenhagen- Born- 
holm Jand-and-sea route. 


336. — International lines in south-wes- 


is also an international transverse Swe- 
dish one in the same way as the Calais- 
Basle railway is at the same time a Lon- 
don radiating and a French transverse 
line. 

Another very interesting transverse 
service maintained through Swedish ter- 
ritory during the Summer months, pro- 


(1) Unlike most others, this Company works a system made up of five lines : 


Malmé6-Simrishamn ; 
Dalby-Bjirsjélagard; 
Malm6-Triilleborg ; 

(2) Ineluding the following lines : 


Klippan-Hsloy ; 
Angelholm-Klippan; 


Trilleborg-Rydsgard ; 
Vellinge-Skanér-Falsterbo. 


Bjur-Billesholm. 
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vides the quickest connection between 
Copenhagen and the Danish island of 
Bornholm, which is separated from the 
Danish capital by the southern portion of 
the Swedish peninsula (fig. 336). This 
through line is made up of a ferryboat 
crossing from Copenhagen to Malmé 
(29.7 km. = 18.5 miles), a railway sec- 
tion from Malmo6 to Ystad (63 km. = 
39.1 miles), and finally a sea route from 
Ystad to Rénne (Bornholm). 


ALTERNATIVE LINES (fig. 330). — Only 
exceptionally are expresses between the 


Fig. 337. — Cross section of the two-track, 
train ferry « Drottning Victoria », show- 
ing the loading gauge. 


Swedish State Railways. 
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same places run over different routes ; 
thus through trains from Stockholm to 
Malmé6 are generally run over the direct 
Jarna (47th/km. = 29th mille), Nyképing 
Aby (155th/km. =96th mile) and Norr- 
képing (163rd km. = 101st mile) line, 
but some of them are diverted by the 
Géteborg line as far as Katrineholm 
(125th km. = 77th mile) and join the 
former route at Aby (165th km. = 103rd 
mile). The distance between Jarna and 
Aby ist 108 km. (67 miles) via Nykoping 
and 126 km. (78 miles) via Katrineholm. 


XLIX-4. and 
train ferries. Connections between 
Sweden and each of her neighbours — 


International lines 


RaLeap’ 


re 
INKS kA | IN =) 

ea a) | a a 
Csi yoy 


Fig. 338. — Cross section of the three-track 
train ferry « Stiirke », showing the load- 
ing gauge. 


Swedish State Railways, 


780 


Finland, Norway, and the Continent — 
differ essentionally from each other. 

Although the Swedish trains cross the 
Tornea, the frontier river, near its 
mouth, by means of a 405-m. (4 329’) 
long bridge between Haparanda and Tor- 
nea, they do not proceed beyond, and 
owing to the difference of gauge, there 
is no direct railway communication 
between Sweden and the interior of Fin- 
land (fig. 339). 


, NORVE..GE 7 


We PIWLANDE 


Jokkmokk & 


CERCLE ARCTIQUE 


Fig, 339. — Lapland Railway and parallel 
railway lines on both sides of the Swedish- 
Finnish frontier. 


On the other hand, the relations 
between Sweden and Norway are very 
close and often peculiar (fig. 326). In 
the extreme North, as well as in the 
middle of the peninsula, Sweden has free 
from ice outlets to the Norwegian ports 
of Narvik and Trondheim. 

The Narvik line is 479 km. (297.6 mi- 
les) long from Lulea (46 km. = 98.6 
miles being in Norway) and brings Nar- 
vik within 1581 km. (982.4 miles) of 
Stockholm. 
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The second line of this kind reaches 
the Norwegian port of Trondheim, 
63°30’ North, and also crosses the Scan- 
dinavian Alps. This is the inlet towards 
a Swedish line proceeding to Tovmodalen 
(93rd km. 58th mile) and Storlien 
[106th km. (66th mile), 593 m. (4 945’) 
above sea level] in Norway, and then on 
to Ange and the Swedish port of Sunds- 
vall, 465 km. (289 miles) from Trond- 
heim. By this route, the distance to 
Oslo is 553 km. (843 miles). 


In the South, the international connec- 


tions with Oslo are very different. The 
GAE=GOTEBORG == STOCK Oa 
(aa (HELSINGFORS] 


HAMBURG 
ae 
PARIS] BERLIN [WARSCHAU 
[PRAG] 
[WIEN] 
wo KiLoMeTER [Rom] 
Fig. 340. — Train ferry services between 


Sweden and the Continent. 
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line from Stockholm to Oslo is not re- 
markable in any way. It is 573 km. 
(856 miles) long altogether, 431 km. 
(267.8 miles) of which as far as Charlot- 
tenberg being in Sweden. 

The international lines in the South 


a) Germano-Swedish line, from Tralleborg to Sassnitz 
b) Swedish-Danish line form Malmé to Copenhagen. 
ce) Danish line from Hilsingborg to Helsingor. 


They not only link up Germany and 
Denmark with Sweden, but also those 
with Norway, via the southern part of 
Sweden, and provide the quickest servi- 
ces between Denmark and the Island 
of Bornholm. They are the outcome of 
action taken by Denmark. In 1903, upon 
the Warnemunde-Gjedser steam packets 
were purchased and train ferries run in 
their stead. This was found profitable 
and part of the Germano-Scandinavian 
traffic was diverted from the direct to 
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have other points of interest as, owing 
to the geographical form of this part of 
Europe, they are mixed rail-and-sea rou- 
tes, on which train ferries have long ago 
been introduced. They comprise the 
following sea crossings (fig. 340) 


107 km. (66.5 miles). 
29.7 km. (184.6 miles). 
5.1 km. (3.2 miles). 


the new ferry route. In order to fight 
this competition the German and Swe- 
dish Governments decided to do the same 
and to turn their Sassnitz to Tralleborg 
sea route into a train ferry service and 
this in spite of the fact that it was 107 
km. (66.5 miles) long. 

The new service, started on the 6th July 
1909, was chiefly intended for passenger 
traffic, but goods traffic soon became im- 
portant. In spite of the decline in traf- 
fic due to the War, its progress was just 


. 1 p ef tase ee 


Sey — a 
SULT 


: 


Fig. 341. — The train ferry « Starke ». 


as rapid as that of the Swedish-Danish 
Copenhagen-Malm6 line, while the War- 
nemiinde train ferry was only able to 
reach its formel level. 

Traffic in both directions is irregular, 
and in the proportion of 7 to 5 in the 
case of Swedish exports and imports via 
Trilleborg, whereas this is 3 to 1 in the 


case of exports and imports via Gjedser 
and 5 to 1 for exports and imports via 
Malm. 

The following table gives the time ta- 
ken by the crossing, together with the 
total time spent embarking and landing 
the trains in the harbours . 
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Fig, 342, — The train ferry « Drottning Victoria >. 


TABLE 289. 
SWEDISH TRAIN FERRY SERVICES. 


Distance. Track capacity. Time spent. 
a 


PASSAGE. Train off 


Train onto 
M. Feet. ferry. 


forcys Crossing. 


Trilleborg-Sassnitz 


Maimé-Copenhagen. 0.410 
Hilsingborg F.-Helsingér 0.20 
TABLE 290. 
TRAFFIC HANDLED BY THE SWEDISH TRAIN FERRY SERVICES. 
MaiM0-CopennaGEen SERVICE. TRALLEBORG-SASSNITZ SERVICE. 
Number of Number of 
a et NN 
YEAR YEAR 
eee Passen- Tons N < Passen- Tons 
ROSS gers. | of goods. Crossiage: gers. |of goods. 


39 079 | 125 307 TA 094 ee PN 
1914 3462 80 732 | 242 432 129,283) | 4299745 
1915 4612 45 114 | 484 934 26 961 | 333 703 
1921 1643 53 553 86 099 46 783 63 089 
1930 3093 198 339 | 242 012 165 365 | 239 997 
1934 241 165 | 123 674 109 549 


494 370 
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In 1934, the Helsingér-Halsingborg line 
carried 644346 passengers and 96582 
tons of goods. 

The number of vehicle-axles, which 


totalled 180765, was contributed by the 
three services as follows : 

Helsingér-Hiilsingborg. 44 570, i.e. 24.5 %. 
Triilleborg-Sassnitz . 90 859, i. e. 50.3 %. 
Malm6-Copenhagen . 45 336, 1. e. 25.2 %. 


XLIX-5. — Electric traction. — So as 
not to depend on coal import, the Swe- 
dish State Railways have called upon 
their enormous reserves of water-power, 
and have gradually electrified their sys- 
tem, using single-phase 15000 - volt 
16 2/3-cycle current. Out of a total of 
7449 km. (4628.7 miles), 2441 km. 
(1 330.4 miles) i. e. 28 %, or 12.9 % 
of the total railway system has already 
been electrified, and 3000 km. (4864 mi- 
les) more will have been added by the 
end of 1937. This 31.2 % of the coun- 
trys railway system covers lines which 
carry 80 % of the total traffic. 

In addition some, 285 km. (177.1 mi- 
les) of private railways are also electri- 
fied. 


The Lapitanp Rartway which lies 
beyond the Arctic Circle, and is one of 
the most remarkable in the country, was 
wisely chosen to experiment upon (fig. 
339). 

Its construction was considered as 
early as 1877, in order to assure the 
transport of the great mineral resour- 
ces of the region and be able to ship 
them either at the Swedish Baltic port 
of Lulea, or the Norwegian Atlantic port 
of Narvik, which is never ice bound. 
This transverse line was to be built quite 


apart from the rest of the system; it was 
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to run right across the peninsula and 
through the Scandinavian Alps near 
Riksgranzen on the frontier. 

In 1883, the Northern of Europe Rail- 
way Co. an Anglo-Scandinavian concern, 
obtained the concession which, in 1886, 
it passed on to the Swedish and Norwe- 
gian Ry. Co., in which Dutch interests 
predominated. 

The country run through is pratically 
uninhabited, and one of the coldest in 
the world, and four mountain ranges had 
to be crossed in succession. Maximum 
1 in 100 gradients rule over a great part 
of the line, the maximum altitude of 
which is 551 m. (1 808’) between Gilli- 
vare (359 m. = 1 178’), and Kiruna (502 
m. = 1647 above sea level). Tt then 
falls all the way to the Atlantic, Riks- 
gransen (frontier station) (433rd km. = 
269th mile) being at 524 m. (1 740’) 
above sea level, which is reached in Nor- 
way 46 km. (28.6 miles) beyond, at Nar- 
vik, at a distance of 479 km. (297.6 miles) 
from Lulea. 

Both North and South of the line, the 
Alps rise to over 2.000 m. (6 560’) above 
sea level (1), except immediately South 
of the railway where the highest peaks 
are somewhat lower [the Njulja on the 
bank of the Tornetrask is only 1199 m. 
(3 933’) above sea level]. 

Besides the cold and the absence of 
inhabitants, other difficulties had to be 
contended with, particularly those occur- 
ring from snow, which caused conside- 
rable trouble. In spite of this, the 168- 
km. (104.4 miles) stretch from Boden to 
Gallivare was opened to traffic in 1887. 
This was the end of the original under- 
taking as financial difficulties prevent- 
ed the completion of the line; the two 


ayn Ens SEnEEEn nnn ER 


(1) The Akavare, in the North, reaches 2013 m. (6 604’) above sea level; a little south 


of this, the Kebnekaise rises to 2123 m. 
2090 m. (6 857’). 


(6 965’), and further on the Sarektjakko 1o 
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Governments concerned therefore took 
over the concessions in 1891. However 


work was not really resumed until 1898; 
the old line was then rebuilt, the location 
improved, the permanent way streng- 
thened, and construction of the new part 
of the line pushed on. 


The electrification on 16000 volts, 10 
cycles, of the 129 km. (80.2 miles) from 
Kiruna to the frontier (Riksgransen) 
begun in 1910, was completed before the 
War. Results having come up to expec- 
tations, it was decided, in 1916, to elec- 
trify the rest of the line, from Kiruna 
to the gulf of Bothnia. 


In 1917, the 147 km. (91.5 miles) from 


Kiruna to Nattavara were taken in hand, 
and by 1921 the last section from Natta- 
vara to Lulea was dealt with so that end 
to end electric operation was started in 
Electrification of the Norwegian 


1922. 
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section was immediately proceeded with, 
and this in turn was electrically operated 
from the following year. 


OTHER ELECTRIC RAILWAYS. — _ Since 
1922, main-line electrification has been 
undertaken with 15 000-volt, 16 2/3-cyele 
instead of 16 000-volt current, as on the 
earlier line. The 459 km. (285.2 miles) 
from Stockholm to Goteborg were first 
electrified, soon to be followed by the 
630 km. (891.5 miles) from Stockholm 
to Malm6 und Tralleborg, the 299 km. 
(185.8 miles) from Goteborg to Malmé, 
some transverse lines, and the first sec- 
tion (Stockholm to Krylbo, 323 km. = 
200.71 miles) of the Stockholm-Ange- 
Storlien and Trondheim line. 

The present position of the Swedish 
State Railways’ electrification is shown 
below. Lines in course of electrification 
or to be electrified are shown in italics. 


RAILWAY. 


Lulea-Riksgrinsen ; 
Stockholm-Krylbo (Trondheim) . 
Krylbo-Ange er iran Mees art oe 
Ange-Storlien (Trondheim) 

Stockholm-Jiirna-Goteborg 


(Narvik) 


(Stockholm) Jiirna-Malmé 


TRANSVERSE LINES, 


Katrineholm-Norrképing . 

(Ange) Krylbo-Orebré- -Mjélby 
Niissj6-Falképing 3 
Hassleholm-Veinge (Goteborg) ‘ 
Astorp-Molle : Re See | 
Hilsingborg- Angelholm "(Géteborg) 
Géteborg-Mellerud- cs (Oslo) 
Goteborg-Stréomstad . Ses 


The Malm6-Géteborg line is electrified 
as far as Halmstad. During the year, the 
following lines are to be electrified as 
well : 

Laxa-Charlottenberg ; 

Sédertalje- Eskilstuna ; 


Uppsala-Giivle ; 


and about 100 km, (62 miles) of branches. 


Miles = 

433 | 269.4 

161 100.0 

323 | 200.7 Work in progress. 

264 | 164.0 Electrification projected. 

456 | 283.3 

557 «| «346.4 
48 29.8 | North to South transverse line. 

i) || sli 2 Do. 

113 70s2) Hast to West transverse line. 
72 44,7 Electrification in progress. 
37 23.0 

126 78.3 

188 116.8 Electrification projected. 

181 | 11254 


All the electric locomotives have coupl- 
ing rods and their maximum axle load 
is 47.5 t. (47.2 Engl. tons). After hav- 
ing gained experience with the first two 
types of passenger locomotive used on the 
Lapland Railway, a 1-C-1 locomotive to 
haul 550-ton passenger trains at a speed 
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of 90 km. (56 miles) an hour, or 900-ton hour was gradually evolved for the newly 
goods trains at 70 km. (43.5 miles) an electrified Stockholm-Géteborg line. 


TABLE 291, 
SWEDISH ELECTRIC LOCOMOTIVES. 


ee 


ia Type Date Horse-power 
SL a a SS SRS ET IR SS SR RT SSR TR Os 
2-B-2 Pa. 1914 900 - 
1-C-C-1 Oab. 1914-1916 1 600 
B-B Oc. 1919 1 000 
D Od. 1920 1130 
2-B-B-2 Pb. 1922-1927 2 900 
1-C-C-1 Oef. 1925-1930 1 660 
1-C-1 D. Do. 700 
C Vab. 


Fie, 344. — Elevation of turbine locomotive (fig. 343). 
g. : 


VIII—2 
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Traction by turbine locomotives. — 
Several Ljugstrém locomotives all built 
by Mydquist & Holm Ltd. have been ac- 
quired both by the Swedish State Rys. 
and by a private Company. 


The State Railways’ CoNnDENSING LOCcO- 
MOTIVES. —— In 1924, the first of these 
locomotives was put into service on local 
and express trains, and hauled 300-ton 
trains between Stockholm and_ Gdte- 
borg (+). 


NON-CONDENSING LOCOMOTIVES of the 
Gringesberg-Oxelisund Ry. (figs. 343 
and 344). — The first of these locomv- 
tives was purchased in 1932: two others 
are on order. In the case of locomoti- 
ves of a certain power (2000 Hp. and 
upwards) their cost is about the same | 
as that of piston locomotives and the sav- 
ing in fuel is said to be about 23 %. 

They haul ore trains, which usually 
weigh about 1750 tons, between Eskil- 
stuna and the port of Oxelésund. Their 
maximum speed is 70 km. (43.5 miles) 
(only 60 km. = 37.3 miles on the section 
in question) ; their effective overall speed [erm 
is 30 to 40 km. (18.6 to 25 miles) an |Z 
hour (*). 

Railcars. — Like the State Railways, | 
the private Companies operate diesel rail- 
cars, the first of which, built by the 
A\S.E.A., were put into service in 1912. 


XLIX-6. — Sleeping- and restaurant- 
car services (fig. 845). — Although the 
International Sleeping-Car Co. does not 
operate in Sweden, there are a number Fig. 345. — Swedish sleeping-car services. 


(1) The Nydquist & Holm Works built an oil-fired turbine locomotive: for the metre- 
gauge Argentine State Rys. at the same time. Power : 1750 we. Radius of action 
800 km. (500 miles) in 20 hours without refuelling. 

(2) The L. M. S. non-condensing passenger locomotive, built by Metropolitan Vickers, 
develops 2 000 HP. 

The leading dimensions of the Swedish turbine locomotives are given in table 292. 


Q* 
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of sleeping- and restaurant-car services 
belonging to several railway administra- 
tions. 

The greater number are those of the 
Swedish State Rys., whose rolling stock 
is unsurpassed by any other (fig. 346 to 
349). 

The State Rys. were among the first, 
it should also be remembered, to intro- 
duce 3rd-class sleepers with three super- 
posed berths, which ran in 1910, shortly 
after the similar Norwegian Christiania 
(Oslo) and Bergen services, between 
Stockholm and Goteborg (457 km. = 284 
miles). 

In 1912 the Stockholm-Lulea service 
(1176 km. = 730.7 miles) was intro- 
duced and in 1913 a service between 
Stockholm and Malmé was advertised, 
when the decline in the use of these 
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withdraw them. More comfortable stock 
with 15 three-berth (instead of 8 six- 
berth) compartments, i. e. a total of 45 
only (instead of 48) (fig. 346) were pro- 
vided and have proved successful. 

The charge for the use of the sleeping- 
cars does not depend upon the distance, 
as in other parts but is 20, 10 or 5 kr. 
a night, according to the class. This 
system is a logical one on sleeping-cars 
belonging to the railway Companies, the 
ordinary ticket already taking the dis- 
tance into account. 

The second-class sleeping cars only 
differ from the first-class in that they 
have two berths, and the latter one only 
per compartment. 

Thanks to the generous loading gauge 
it was possible to build most comforta- 
ble vehicles (fig. 347), whose leading di- 


carriages led the 


Administration — to 


TABLE 293. 


mensions are as follows : 


_ LEADING DIMENSIONS OF SWEDISH SLEEPING- AND DINING CARS. 


TYPE OF VEHICLE. Sleeping car. 
Length overal. Sa etial 23.500 
(Ghent) (qe 9) 
Ole hodye Serre pane 22.200 
(ft. in.) (727-10”) 
Outside width . Soe eteels 3.135 
(it. im) (L043 (9/674) 
Height. My Seen 4.000 
(Gings ia) (13871 15/3277) 
Bogie wheelbase . 7 ees 3.600 
(ites: ung) (1149926,/32/7) 
Distance between bogie centres. .m. 16.000 
(ft. in.) (52/ 6’) 
Wheel diameter ame Wu 0.984 
(ft. in.) (3/2 3/4//) 
Ist/2nd-class compartments . 7 
3rd-class = aoa) Sees 5 
Tare . Metr. (Eng]l.) tons. | 52.4 (51.4) 


Dining car 


21.300 
69/ 10 5/87) 


20.000 
65/7 7/16’) 


3.130 
(10’ 3 7/16’) 


4.080 
(13/4 5/877) 
2.400 
(7710 15/32/7) 
15.000 
(4972 1/2/) 
0.984 
(32 3/4/7) 


40 seats. 


44.4 (43.7) 


2nd-class. 


a a eS SSR SP a SS 


23.500 
(777 1’) 


22.200 
(727 10’) 


3.135 
(1073 7/1674) 
4.080 
(137 4 5/877) 
3.600 
11’ 9 25/3277) 
16.000 
(52/ 6//) 
0.984 
(372 3/4’) 
2 (2nd) 
48 passengers, 
46.2 (45.5) 
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All-Swedish sleeping-car services are International services comprise those : 


run between : From Stockholm to Copenhagen, as well as 


Stockholm and Hirnésand, Riksgriinsen SL He Parts of Halsiighor as: Malua, 


(for Narvik), Ange as well as Stockholm and Also to Hamburg, and Berlin. 


Storlien (Trondheim), Géteborg, Alvesta, and : 5 
Karlekrona: Excluding ferryboat mileage, these ser- 


On the tranverse line, from Orebro, via Al. Vices cover a total of 2937 km. (1 825 
vesta, to Malmé. miles) of lines. 


Fio, 346, — Third-class sleeping-car compartment 
= with three superposed berths, 
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Swedish restaurant cars are run be- 
tween 


Stockholm, Alvesta and Goteborg; 
Laxa and Karlstad; 

Stockholn, Boden, Ange and Hiirnésand ; 
Géteborg and Malmo. 


BuLLeTIN OF THE InT. RatLway ConcREss ASSOCIATION 


NORWEGIAN SERVICES IN SWEDEN. — The 
close relations between Sweden and Nor- 
way have led to some of these services 
being duplicated between Oslo and Stock- 
holm by the Norwegian State Rys’ sleep- 
ing-car services. 


The Mirropa sleepers run from Tral- _ 


Fig. 347. — Interior of ordinary car, Swedish State Railways. 


leborg to Berlin and Hamburg, using the 
Sassnitz ferryboat. On these routes the 


German rates of 25 or 12.50 Rm. a night 
in 4st or 2nd-class are charged. 


XLIX-7. — Train speeds. — The car- 
togram of train speeds (fig. 326) shows 
the main traffic currents, which do not 
always follow the main lines mentioned 
in the course of this article. Table 294 
gives further details, and includes even 


long-distance services at moderate speeds.: 

Private Companies still operate a num- 
ber of railways, some of them very long, 
several with expresses whose overall 
speed does not exceed 80 km. (50 miles) 
an hour. The longest non-stop run is 
73 km. (45.4 miles). 

Since the introduction of electric trac- 
tion, there has been a noteworthy in- 
crease in train speeds. 


Lone NOoN-sTop RUNS. — Although the 
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TABLE 294. 
NOTEWORTHY SWEDISH TRAIN SPEEDS (fig. 326). 


(Non-stop runs are shown in heavy type). 


Distance. Time Time 8 a Speed. | 
ee ° ee “ait 
RUN, =e | 
Ten. | Miles! of departure. | spent. re = | Km/h. |Miles/n | 
State Railways. 
Lulea-Boden-Riksgriinsen-Narvik . .] 479 |297.6 ||R4141.20a.m.) 8.56 oie DOPAa ould Electric. 
Lulea-Boden-Riksgriinsen (Narvik) .] 433 (269.4 7.09 p.m.|14.29 || 33 | 20.9 | 13.0 Do. 
Gillivare-Kiruna,.) . 9.) . « = =] 400° /)62.4 11.24 pom) \-1 240) ie Le eee Do. 
Stockholm-Uppsala-Briicke-Boden . .]41144 |710.8 || 10.00 a. m./22.26 || 43 | 58.9 | 36.6 
(Stockholm)-Bracke-Storlien eee) 748 |464.8 7.40 p. m.|44.25 47 60.2 | 37.4 
Ange-Ostersund . 102 | 63.4 IR10.15 p. m.| 1.39 61.8 | 38.4 
Stockh.-Uppsala-Krylbo-Ange (ete.) .] 484 (300.7 10.00 a.m.| 8.27 S|) Sess | eiate) : 
Stockholm-Uppsala . . . . . .} 66 41.0 4.45 a.m.| 0.50 A30 79.2 | 49.2 Electric. 
Why EOSMER ee 5 5 5 « 5 5 ol) WS || ck Ss 5.29 p.m.| 0.46 || ... | 80.9 | 50.3 Do. 
Dalasktylbor ) -. ifn. i te | eeeo emer 6.16 p.m.) 0.26 ||... | 76.2 | 47.3 Do. 
Stockholm -Uppsala- Giivle-Hiirnosiind. | 481 /298.9 3.140 p.m.| 8.418 18 Ol alle ooee 
Uppsala-Alvkarleo . . . . . .f 88 | 54.7 5.45a.m.| 1.30 || ... | 58.7 | 36.5 
Stockholm-Laxa-Charlottenberg-Oslo .}| 4341 |267.8 8.45 a.m.| 6.44 8 64.4 | 39.8 
Laxa-Strémtorp . . A) Bt il BEC 2.52a.m.| 0 31 eco eo Nace EE 
Kristinehamn-Karlstad C. . . . 41 25.5 |IR12.35a.m.| 0.34 72.4 | 45.0 
Stockholm-Katrineholm-Géteborg . .] 456 {283.3 8.45a.m.| 6.05 TL AATEC) 9) Noh b55 Electric. 
Sédertiilje-Katrineholm . . . .} 98 | 60.9 9.15a.m.| 1.18 || ... 80.5 | 50.0 Do. 
Katrineholm-Hallsberg . . . . .} 66 41.0 10.32a.m.| 0.47 82.9 | 51.5 Do. 
bebe” 6 ls sete lp OY! eee 11.54a.m.} 1.01 - 82.6 | 51.3 Do. 
Falképing-Goteborg . . . . . .] 414 70.8 || R2.20p. m.| 1.27 78.6 | 48.8 Do. 
Herrljunga-Goteborg . . . . .| 80 | 49.7 1.51 p.m.| 0.59 ev hoes | ai0) ts Do. 
Falképing-Herrljunga . . . . .| 34 | 24:4 4.52a.m.| 0.25 85.6 | 53.2 Do. 
Stockholm-Nyképing-Malmé6 . . . .} 599 |872.2 8.00 a.m.| 8.05 ‘tel 74.0 | 46.0 Electric 
Stockholm=Niissjo 9.5 2 2 2.) sa0) 20br4 Do. 4.30 6 (Bie3) |) 215905) Do. 
Stockholm-Sédertiilje S. . . . .f 35 | 24.7 5.00 a.m.| 0.30 ie 70.0 | 43.5 Do. 
Sédertiilje-Nyképing . ... .{ 69 | 42.9 8.30a.m.) 0.52 o | (Me | ee Do. 
Stockholm - Katrineholm - Norrképing 
(Niissjé) .. SA eee beh oder Be ARS ioe “Ce ay Do 
Katrineholm-Nor rképing Che se 48 29.8 1.00a.m.) 0.37 See TH) 243583 Do. 
Stockholm direct Ny pune Norrk6- 
ping (Nassj6) . . : Oo OARS ae ae og ane Do. 
Stockholm-Katrineholm) . , . .| 133 82.6 || R1.13p.m.| 1.41 79.1 | 49.2 Do. 
Niissj6-Alvesta BG S30 a) Rc (eto 54.4 Qh29 sane OL 85.6 | 53.2 Do 
Alvesta-Hissleholm .... . .4 98 60.9 1.40 p.m.| 1.11 82.8 | 51.4 Do 
EREOAObm iy 5 5 « o a of] we | Sid 2.56 p.m.) 0.36 83.3 | 51 8 Do 
Stockholm-Malmé-Trilleborg . . .} 680 [391.5 1.30 p.m.| 9.04 16 70.0 | 43.5 Do 
Malm6-Tr ailleborg >. Sn ce been 31 19.3 8.00 a. m.| 0.26 Ape vleG 44.5 Do. 
Triillebore- Sassnitz . . . . . .{ 407 | 665 8.55 a.m.| 4.10 25.7 | 16.0 Train ferry. 
Krylbo-Mjélby . . Bow co 4 | ER Mie? eo Fae ad 368 ne i 
Hallsberg-MotalaC.. . . . . .| 69 | 42.9) 3.33p.m.| 0.53 || |... | 78.1 | 48.5 me 
Motala CeMjilby . .. | .aaeeaEC(46. 8 4.27p.m.| 0.21 rr Tioak | 247-9) Do. 
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Ce —_—__— = — 


Distance. ete ane a4 Speed. 
eae Time of Time 4 a piebsee Pe 
Km. | Miles, || departure. | spent. ee Km.jh. |Miles/h. 
EE 
Stockholm-Falképing-Nassj6-Malm6 e 
Falképing C.-Jénk6ping C. ; 0.52 os 79.9 19.6 mi - 
Jénkbping C.-Niissjé 0.36 71.6 | 44.5 Do. 
Triilleborg- Malm6 - Goteborg - ues Electric as far as 
fOalo\ ).) a 21] 8.56p.m.| 9.39 |] 18 | 54.0 | 33.6 Halmstad. 
Malmé-Kiivlinge . . 9] 10.00p.m.] 0.20 |] ... | 72.0 | 44.7 
Kiivlinge-Billesholms i 8.25 a. 0.29 72.4 | 45.0 
Varberg-Géteborg . 8 |IR 3.40 p. 1.04 60.8 | 37.8 
Goteborg-Trollhiittan if 3.35 a. 1.00 72.0 | 44.7 
Oxnered-Mellerud 5 3.07 p. 0.33 74.6 | 46.4 
Mellerud-Ed . 3 |IR 12.47 p. 0.42 62.9 | 39.1 Company. 
Companies. 
Stockholm-K6ping ai 2.24 |5-+1 cond.) 60.9 | 37.8 Stockholm- 
Vast Co. 
Stockholm-Enképing 4 ACP ssn | eG || 288 Rs Te : 
Stockholm-Vansbro . Ae 4.33 |13+6cond.) 65.5 | 40.7 Do. 
Stockholm-Rimbo-Gimo 5 2.10 5 53.4 | 33.0 
Dj. Osby-Rimbo . . . 4 HP I) sco |) De || Sibatss 
Stockholm C.-Nynishamn 8 4.45 |[5+4 cond.| 54.2 | 31.8 |Stockholm -'Nynés- 
Jdrnwdg. 
Alvrj6-6smo Da Zt 0.40 64.5 | 40.1 Visby pucket- 
boat train. 
Rattvik-Krylbo BL) 2.48 17 Sédra-Dalarnes- 
Jarnwvdg, 
Insjon-Borlinge 7 0.40 52.5 | 32.6 Do. 
Hedenora-Avesta 8 0.19 60.0 | 37.3 Do. 
Falun-Kil-Géteborg . 0 8.25 tl Gnas || Badac! Transverse line. 
Mellerud-Oxnered Be 0.31 || ... | 80.0 | 49.7 Bergslag gente 
Jérnvdg-Goteborg, 
Trollhittan-Goteborg ol 0.59 73 2 | 45.5 Do. 
Goteborg-Karlskrona apts oe Pe ao etHD |i) cose | tala). | Biley 3 Companies, 
Géteborg-Limmared (Karlskrona) Ico 4.410 |12+2cond.| 53.0 | 32.9 | Géteborg-Alves- 
ta Jarnvag. 
Goéteborg-Boriis C. oll 1.10 61.7 | 38.3 Do. 
Boriis C.-Limmared . 8 0.40 60.0 | 37.38 
Alvesta-Vixjo oe 0.18 60.0 | 37.3 ee 
arnvag. 
Viixjo-Karlskrona 8 1.56 3 | 58.3 | 36.2 | Karlskrona-Vdaj6 
Jarnvag. 
Viixjo-Hovmanstorp oti) 0.25 60.0 | 37.3 Do. 
Emmaboda-Karlskrona oe 0.55 62.2 | 38.7 
Feksleholm- -Hilsingborg C. . 8 1.18 4 | 59.2 | 36.8 
Astorp C.-Hilsingborg C. . 3 0.24 || ... | 60.0 | 37.3 
Malmé-Soedala-Ystad 9.1 4.12 |/54+4 cond} 52.5 | 32.6 ilps 
Jarnvig. 
Goteborg) Mellerud-Kornsjé-Melle- 
eee a as : oe; .8 ||IR 12.47 p. 0.42 62.9 | 39.1 Dalslands- 
Jirnvag. 
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timetables quote a non-stop Hassleholm- ter. The longest really non-stop run 
Stockholm run since 1912, there have al- takes place between Katrineholm and 


ee ae a certain pee ace oe Stockholm (134 km. — 83.3 miles) at 
stops in the course of the ovz km. (v4 oe ; : 
miles), to change engines at Alvesta and an overall speed of 55.8 km. (34.7 miles) 
Katrineholm, and elsewhere to take wa- @! hour. 

TABLE 295. 


SWEDISH NON-STOP RUNS. 
a a ee 


Km. | Miles.|| Ceparture. | spent.|/ km jn.|Miles/p. 


FASTEST RUNS. 
Steam traction. 


Company 
(Oko) Wirstlermnckoratseel 5 5 5 « « «|| 4H D5 of 1.383 p.m.| 0.31 || 80.0 | 49.7 \(Summer). 
(Stockholm) Kristinehamn-Karlstad C..] 41 25.5 IR 12.35 a.m.| 0.34 || 72.4 | 45.0 
Trollhittan-Goteborg . .*, . 7. «| oye ) 44.9-(R 3.85a.m)*1-00 7) 72.001 447 
Electric traction. 
(Stockholm) Falképine-Herrljunga . .f 34 | 24.4 4.52a.m.} 0.25 || 85.6 | 58.2 
(Do.) Nassjo-Alvesta =. . . .| 8! | 54.4 2.29 a.m.} 1.01 |} 85.6 | 53.2 
(Do.) Hissleholm-Hsl6v =. . .| 30 | 31.4 2.56 p.m.| 0.36 || 83.3 | 51.8 
(Do.) Katrineholm-Hallsberg .} 66 | 41.0 |} 10.32a.m.) 0.47 || 82.9 | 51.5 
(Do.) Alvesta-Hassleholm . . .{ 98 | 60.9 1.40 p. m.| 1.11 || 82.8 | 51.4 
(Do.) Wereiesik@nels 9, 5 «o 5 off Cee | 2.2 |) ailyben mn.) OL |) eG |) Gil.3 
(Do.) Herrljunga-Géteborg . .} 80 | 49.7 1.51 p.m.) 0.59 |) 81.3 | 50.5 
(Do.) Sédertiilje-Katrineholm .| 98 | 60.9 9.15 a.m.| 1.13 || 80.5 | 50.0 
(Do.) Falképing C.-Jénképing C.} 69 | 42.9 1.56aim.| 0.52 |} 79.9 | 49.6 
LONGEST NON-STOP RUNS. 
Steam traction. 
(‘Stockholm Ange-Ostersund >. « «4 102°) 63.4 R10 15 p.m.) 1:39 || 61.8) 33824 
(Do.) Uppsala-Alvkarleo . . .f{ 88 | 54.7 5.45 a.m 30 || 58.7 | 36.5 


Electric traction. 


Stockholm-Katrineholm .... . . . .{| 483 | 82.6. IR 1.13p;m.|. 1.41 || 79.1 | 49.2 
(Stockholm) Falképing-Géteborg . . .] 444 | 70 8 |IR 2.20p.m.| 1.27 || 78.6 | 48.8 
(Lulea) Gdllivare-Kiruma ... . .{ 100 | 62.4 11.24p.m.} 1.24 || 71.4 | 44.4 
(Stockholm) Sédertiilje-Katrineholm ..] 98 | 60.9 9.15.a, mi.) 1.134) 80.5 | 50.0 
(Do.) Alvesta-Hissleholm . . .]| 98 | 60.9 1.40 p.m.} 1.11 || 82.8 | 51.4 
(Do.) Nassjé-Alvesta . ... sf 87° | 54.4 2.29'a.m.| 1.01 || 85.6 | 58.2 
(Do.) LaxaSkovdes eee | eC4emleneacnl mello 4cems ele Ole Sonam moles 
Train ferry service. 
TralleborcsS2csilh Zeal enema anne nc OTamn IG GH 8.55a,m.; 4.10 |} 25.7 |.16.0 


Such occurrences, of so called non-stop km, (275.3 miles) Belfort and Paris non- 
runs where service stops are neverthe- stop run nevertheless included service 
less included are fairly frequent. Thus stops at Chaumont and Troyes; 
on the Est Railway (France), the 443- On the French Nord, between Calais 
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and Paris, there was a service stop to take 
water at Abbeville: 

In Belgium on the Ostend-Verviers 
non-stop run, a service stop took place at 
either Malines or Louvain; 

In Italy, on many runs still booked as 
non-stop, there are similar stops. 

Another frequent case of non shown 
stops is due to reversals outside certain 
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stations, which the through trains avoid. 
Until recently, this was the case in 
Switzerland, between Buchs and Sargans 
(« Arlberg Express »), in Jugoslavia 
(« Simplon Express »), outside Amiens, 
for Paris-Lille trains, ete. 

Goods train speeds need not be com- 
mented upon here; table 296 shows the 
more noteworthy speeds of such trains. 


TABLE 296. 
SPEED OF MAIN-LINE GOODS TRAINS. 
ero ee ee eee 
ei? Time of Time SITEEL Train 
Run. S| ae 
Km. | Miles. departure. pone. Km./h. | Miles/h. number. 
Malm6-Boden { 594 |991.1 8.20 p. m. 58.30 Zila 16.9 4350 
Stockholm (Tomtebo- 
da)-Ange 5 484 |298.9 || 12.43 a. m 20.05 24.0 14.9 4202 
Stockholm-Malm6. 600 |872.8 || 11.40 p.m 26.10 23 14.3 4004 
Do.  -Géteborg 455 |282.7 7.36 p.m. 11.00 41.4 28 \., U| 4041 
Géteborg-Malmé 800 |186.4 Uo813] 05 100. 12.00 25 G5) 5454 
The longest non-stop runs are the following : 
Mjélby-Hallsberg. 96 km. ( 59.6 miles). 
Uppsala-Krylbo . 95 kin. ( 59.0 miles). 
Mjélby-Niss]6. : 89 km. ( 55.8 miles). 
Sédertiilje-Sédra- iatieners g 163 km. (101.3 miles). 
Goéteborg-Varberg 10 loot, ( 47.8 miles). 
XLIX-8. — Conclusion. — Over half Mileages covered at various average 


the State Railways, i. e. three quarters 
of the whole Swedish railway system, no 
trains reach an overall speed of 60 km. 
(37.4 miles) an hour. 


Over 80 km. 
70 to 79.9 km. 
60 to 69.9 km. (88 to 43.9 miles) 
Under 60 km. (88 miles) an hour. 


(50 miles) an hour . 


The whole system. 


(44 to 49.9 miles) an hour 
an hour. 


speeds, together with the corresponding 
percentage of the entire system, are given 
hereunder 


609 km. ( 378.4 miles), i. e 81 % 
1317 km. ( 818.4 miles), i. e 17.6 % 
1916 km. (1190.5 miles), i. e 25.3 Jo 
3686 km. (2290.4 miles), i. e 49 % 

7 528 km, (4677.7 miles), a e, 100) Yo 
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XLIX-9. — Appendix. — The boat ser- and large lakes which abound in the 
vices. -— These services have grown con- country (1). The speed is usually mo- 
siderably, not only on the Baltic, but also derate. 
on many of the navigable rivers, canals, (To be continued). 


(1) The largest lake, Lake Viinern, 44 m. (144”) above sea level, has a maximum 
length of 182 km. (113 miles) and is 84 km. (52 miles) broad. Its area, 2150 square miles, 
is considerably reduced owing to two long peninsulas, Nas6é and Kollunds, which actually 
divide it up longitudinally into two lakes separated by a wide strait. Its maximum depth 
is 88 m. (2897). 

Lake Vattern (88 m, — 289 above sea level), 128 km. (79.5 miles) long, with a maxi- 
mum width of 30 km. (18.6 miles), has an area of 733 square miles. In the southern 
part, the depth varies between 79 and 91 m. (259’ and 299’), in the North, between 20 
and 30 m. (66/ to 997). 


[ 628. 4 (.47) ] 


Moscow’s Underground Railway, 
by P. KANDAOUROFF, Engineer, Paris. 


General. 


High-speed urban or metropolitan rail- 
ways date from 1863 when the first such 
railway was opened in London. It was 
the only one in the world for many years, 
as those in America, in New York itself, 
were elevated railways (1). This system 
is now only used alongside roads with 
much room on each side of the viaduct, 
as in Paris, but when steam traction had 
to be used, it was almost inevitable, as 
steam traction was very unsatisfactory 
for underground working. 

Metropolitain railways developed consi- 
derably in Europe with the improvement 
of electric traction, and especially in Pa- 
ris where the Metropolitan carries many 
more people than any other means of 


9 


transport in common (?). 

A metropolitan railway, of course, is 
only really required in a city of some 
size, especially if one of the old capital 
cities which have slowly grown through- 
out the ages. Such a railway only be- 


(1) The first of these railways was opened 
in 1875. 

(2) This is not so, however, in the other 
European capitals. The following table gives 
the number of passengers carried during 1926 
by the three principal forms of locomotion in 
London, Berlin, and Paris (in millions) 


London Berlin Paris 
Tramways 970 813 343 
Motorbuses . 5 ATMs; 113 316 
Underground 878 163 615 


(Archiv fiir Bisenbahnwesen, 1932, p. 892). 


VIII—3 


comes important and only gives the ser- 
vice expected from so costly an undertak- 
ing when there is such a network of lines 
that the passengers can be set down 
within walking distance of their final 
destination. 


II. — Historical review. 


From this point of view, cities such as 
Paris and Moscow, built on a definitely 
concentric plan, lend themselves particu- 
larly well to the construction of a metro- 
politan railway system. 

Moscow, like Paris, has two circular 
boulevards round the city, built on the 
site of the old fortifications, the first 
of which was demolished in the middle 
of the 18th century, and the second after 
the fire of 1812. 

The question of building a metropoli- 
tan railway in Moscow was raised before 
the war, as the population had grown to 
1984000 in 1916. 

This is approximately the critical po- 
pulation figure for the cities of the old 
world at which the need for better means 
of transport begins to be felt really se- 
riously, as is shown by the diagram, 
figure 4. 

The schemes were not proceeded with 
twenty years ago because of the war and 
the revolution. Only in 1931 did the So- 
viet Government undertake a more care- 
ful investigation into the problem and 
subsequently take its construction in 
hand. 


Millions d'habitonts 
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III. — Layout adopted. 


In 1934 a detailed study of a series of 
lines shown in the plan (fig. 2) (*) was 
made. 

The total length of the ten lines radiat- 
ing from the centre of the city is 80 km. 
(50 miles). 

From an operating point of view there 
will be fewer lines because lines 1 and 
23 and 4, as well as 5 and 6, either in 
use or under construction, will be run 
over from end to end by the same 
trains (*). 
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London, 1863; Paris, 1900; Ber- 
lin, 1902; Moscow, 1935. — The 
last ordinates correspond to 
the number of inhabitants 
including those inthe suburbs. 


| Opening of first underground : 


Fig. 1. — Diagram showing the growth of 
the population of London, Paris, Berlin and 
Moscow. 


(*) According to the map of Moscow in the 
« Stielers Handatlas » by Justus Perthes, Go- 
tha. 

(3) The circular lines have not yet been 
taken in hand. The completion of the lines 
on the map will take a long time and no one 
knows when work on the circular lines will 
be started. 
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The investigation took about a year 
and the construction of the central sec- 
tion of lines NN 1, 2, and 3 were start- 
ed in 1952. These lines were opened to 
traffic on the 15th May 1935. 


Line N 1 is obviously the most impor- 


tant as regards city traffic because, be- - 


sides giving access to the outlying dis- 
tricts of the city, it connects three Mos- 
cow stations, the Northern, Kazan and 
Leningrad, lying side by side in the 
« Communist Youth » Square, with the 
commercial part of the city, and the first 
two of these stations handle a good deal 
of the suburban traffic. 


The total length of lines now in ope- 
ration is 11.443 km. (7.4 miles. Work 
on three other lines was begun in 1935. 
One of these, the N 4 also runs east- 
wards like N 1 and is about 8.5 km. (5.38 
miles) long. This line connects with the 
principal station for the Kursk and 
Nijny-Novgorod (now Gorki) main lines. 
The second line, the N 5 to the North- 
West, for the time being ends at the 
« White Russia and Baltic Sea »  sta- 
tion (Warsaw station). The third line, 
the N 6, running southwards, will end at 
the intersection with the outer boule- 
vards near the Saratow station. The ag- 
gregate length of these lines will be 8 km. 
(5 miles). 

The N 2 line is now being extended 41 
km. (0.62 mile) towards the Kiev station. 

The other projected lines have not yet 
been started and will therefore not be 
mentioned here. The drawings for these 
lines are not yet completed and the sche- 
mes may be considerably modified. 


The minimum radius of curves laid 
down in principle is 200 m. (10 chains), 
although at one point in the centre of 
the city a curve of 120 m. (6 chains) 


ses 


— 


th 9 eas 


Pp! 


- 
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Fig. 2. — Plan of Moscow. — Seale, 1:100 000 


radius has had to be used. The maxi- 
mum gradient is 1 in 30 (*). 


The gradient section of the line more 
or less follows the configuration of the 


(4) The gradient of 33 mm./m. (1 in 30) 
is almost standard in underground construc- 
tion, the maximum in Paris and Berlin being 
40 mm./m. (1 in 25). As regards minimum 
radii, they are much smaller in Paris where 


there are curves of 50 m. (2 1/2 chains) ra- 
dius on the running lines and even one of 
36.75 m. (1.83 chains = 121 feet) radius on 
the western approach of the Bastille station 
on line N1. 
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8 8 Ss 4 Esk aa ao as als So hneo en € 0) Soom 
a eS & BSSk88 SS 8S $ Fo ABBSS ES BE 
8 Rae Rona oS gre nes 
= 8 § £85 SS Sf 2 Ss = 8 
at 2 
_374 
cy 06 
8 3 S 
\ s Sp er z 
S) a 
3. — Gradient section of lines NN ] and 2. —§8 
Explanation 
Travail en fouille ouverte = work carried out in open cutting. — Travail en souterrain = tunnel work. — Bou- 
clier = shield. — Limite supérieure du calcaire dur = upper limit of hard limestone. — Fouille = excayation. 
Axe de la ligne de jonction entre les gares de Kursk et de Leningrad = centre line of junction between the 
ground except in the section between the being 35.20 m. (115’) below street 
« Communist Youth Square » (°) and level (7). Between the « Communist 
the « Okhotny Riad » stations (figs. 3 Youth » and « Red Gate » stations the 
and 4). The line in this section passes line drops 12.80 m. (42’) to avoid the 
below one of the highest parts of Mos- unstable subsoil above it, as shown in 
cow, the level near the Kirowskaia being the gradient section. This precaution 
160 m. (525’) above datum (*). This was the more necessary as this section ‘ 
station is also the deepest, the platforms of line N 4 lies under the narrow and 3 
winding Kirowskaia street (8), one of the 
(5) The Russian names being difficult to 
pronounce, are translated into “English whe- (7) The platform of the Abbesses and But- . 


never possible. 


(6) In front of the Kremlin, the Moskowa 
is 116 m. (381’) above datum. 


tes-Chaumont stations in Paris is 29.90 m. 
(997) and 29.60 m. (98’) below. the roadway. 


(8) Formerly the Miasnitzkana street. 


Se 
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terms ; 
Kursk and Leningrad stations. — Ligne de jonction entre les gares de Kazan et de Leningrad = junction 


line between the « Kazan » and « Leningrad » stations. 


main streets of Moscow, with large build- 
ings on each side. 

The rest of the tunnel is fairly shallow. 

As there is no private property under 
the Soviet regime, the line was built, 
where this was found advantageous, ei- 
ther under whole blocks of houses, 
instead of following the general direc- 
tion of a street in order to avoid too 
sharp curves or under blocks of flats or 
courtyards along a road. The first case 
is found between the Red Gate and 
Kirowskaia stations (fig. 5), and the 
second almost the whole length of line 


N 3 along the Arbat and Komintern 


streets (fig. 6). 

By building the underground in this 
way, the traffic in the most crowded 
streets of the capital was not interfered 
with in any way. . As the bottom of the 
tunnel is only 8 to 9 m. (26’ to 29 1/2”) 
feet) below street level, had the tunnel 
not been located as stated, the roads 
would have has to be closed. 


IV. — Layout and equipment 
of the stations. 


There are 13 stations on the 11.413 km. 
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Fie. 4. — Gradient section of line N 3. 


Note : 908 m, jusqu’a...... = 993 yds. to the «Okhotny Riad» station. 


(7.1 miles) of line in service, 5141 to 4 281 
m. (559 to 1401 yards) apart, the average 
being 918 m. (1004 yards), a much grea- 
ter distance than that of the other metro- 
politan railways (°). 

With the exception of the « Lenin Li- 
brary » station, on line N 3, island plat- 
forms are arranged between the station 
tracks. One of the advantages of this 
layout is that the common part of the 
platform can be used freely during rush 
hours when, with the exception of the 


(9) The average distance between stations is 
491 m. (537 yards) in Paris, 779 m. (852 
yards) in Berlin, and 710 m. (776 yards) in 
New York, excluding the passages under the 
Hudson and East rivers. The short distance 
between its stations is one of the great advan- 
tages the Paris metropolitan has over the 
others. 


stations in the centre of the city, most 
of the passengers travel in the same 
direction. 

The stations just below the ground 
have the roof supported by one or two 
rows of columns (fig. 7). The deeper sta- 
tions are either in a single tube (« Lenin 
Library »), two tubes (« Dzierdjinsky 
Square » and « Kirowskaia » stations), 
or three tubes (« Okhotny Riad » and 
« Red Gate » stations). 


The minimum width of the platforms 
is 4 m. (12’ 1 1/2”) from the edge to 
the side of the columns facing the edge. 
The platform width in the « Lenin Li- 
brary » Station, in which there are no 
columns, is 8 m. (26’ 3”) edge to edge. 

The layout with a single line of co- 
lumns or two tunnels is justified by the 
saving obtained by reducing the roof 
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Span or the diameter of the tube (*°) 
though the advantage of two rows of 
405 mm. < 405 mm. (167 « 167) 
section columns only 2.69 m. (8’ 9 7/8”) 
apart, as in the « Communist Youth » 
station, for example, is not: clear. It 
would have been cheaper to increase the 
epaneebys 1 lo mines 93/8" )\0it it 
were really necessary to have the same 
available platform width, i. e. 10-0.40 = 
9.60 m. (31’ 6”). The additional plat- 
form width could have been better used 
if this has been done as, for example, by 
providing benches as in Paris, there 
being no seats at all in the Moscow un- 
derground. 

This design appears still less happy in 


(10) This arrangement is also adopted in 
Paris in the case of the very deep stations 
such as the « Buttes-Chaumont » and « Télé- 
graphe >. 
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the case of deep stations such as the 
« Okhotny Riad» or the « Red Gate ». In 
the former (figs. 9, 10 and 11) the cen- 
tral tube increases the minimum width of 
DCR ee dso tO alos, gem Var ().85emeti. 
(33’ 11 1/2”) so that the volume to be 
excavated was increased by 47 %. When 
the platforms are full in the rush hours, 
which rarely happens, even in Paris, the 
public could have been made to wait in 
waiting rooms at the surface level. 


WOE 


— SS 


Fig. 5. — Plan of line N 1 hetween the 
« Red Gate » and « Kirowskaia » stations. 


In all stations the platforms are acces- 
sible from both ends. Additional steps 
are installed a short distance from the 
platform ends in the stations with heavy 
traffic. 

The deep stations — « Red Gate », « Ki- 
rowskaia », « Dzierdjinsky Square » and 
« Okhotny Riad » — have three mecha- 


Fig. 6. — Plan of lines NN and « Arbat » Streets. 


Fig. 7. — View of the « Sokolniki » station. 
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nical escalators at each end. The slope 
of these escalators is 30° and their speed 
0.68 m. (2.23 feet) per second in the 
« Okhotny Riad » and « Dzierdjinsky » 
stations, and 0.50 m. (1.64 feet) per se- 
cond in the « Kirowskaia » and « Red 
Gate » stations. The capacity of each 
escalator is 13 200 and 9 000 passengers 
per hour. Normally two escalators work 
upwards and one downwards. Owing to 


the cold climate of Moscow, open-access 
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stairways to the stations, as in most 
other West-European and American ci- 
ties, are out of the question. Access to 
the Moscow tube is by special buildings 
erected in the streets or squares as, for 
example, on the « Arbat » Square (fig. 
12) and by subways just below street 
level (fig. 9). These buildings are al- 
ways built on the footpaths and never in 
the middle of the road nor on special 
refuges, so that passengers need: never 


V, Z 
4)| LENINGRAD 


GARE DE KAZAN M 


Fig. 8. — « Communist Youth » station. — Plan. 


Legend: 
1) 21 air-passage openings, 500 x 500 mm (1’7 11/16" X 1°711/16), in each side wall. 
2) 8 air-passage openings, 1200 * 800 mm, (341 1/4” x 2°7 1/2”), in the roof. 


3) Air duct running along the wall, of 300 mm. & 1700 mm. (11 13/16" x 


nom 


5°7”) section. 


4) Air duct to the ventilating shaft, 1800 mm, X 1000 mm, (5°11” X 373 3/8”) section. 
5) Ventilating duct of 2250 mm. x 1000 mim. (774 19/382” 373 3/8”) section. 


cross the road to get to them. Some of 
these entrances, as for example, at the 
« Okhotny Riad » station, have been loc- 
ated into existing buildings. 

At the present time, the « Lenin Li- 
brary » station is the only transfer sta- 
tion. The junction between lines NN 2 
and 3 lies between this station and « Ok- 
hotny Riad » station, the lines crossing 
on the level. This is a only a temporary 


VIli—4 


solution; the junction will be done away 
with, as when line N 4 is finished it will 
connect with N 3. As the NN 2 and 3 
already cross one another at different 
levels (fig. 6) there will be no difficulty 
in carrying out this work. 

The foundations of the « Smolensk 
Square », « Crimea » and « Arbat » sta- 
tions have been designed to take into 
account the construction of further un- 
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Fig. 9. — Plan of « Okhotny Riad » station. 
Note : Chambre de ventilation = ventilation chamber. — Conduits de chauflage = heating ducts. — 
Vestibule souterrain Sud (Nord) = southern (northern) underground passage-way. 
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Fig, 10. — Cross section along ab of « Okhotny Riad » station. 


dergound lines (*'). Nothing appears to 
have been done at the other stations, not 
even at the « Okhotny Riad » station, 
which will be the central underground 


(11) According to the article by J. Vich- 
niak in the Génie Civil, second half-year 
1935, p. 213. Figures 9, 10 and 11 are taken 
from this article. 


station of Moscow, so far as can be ga- 
thered from the official descriptions 
which generally give considerable details 
about even secondary matters. 

A particular feature of the Moscow 
Underground stations is their architectu- 
ral ornamentation and the absence of 
banality, both in the general conception 
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Fig. 12. — Entrance building at « Arbat » station. 
oe. 
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and in the details of the exterior work, 
circulating areas, passages and platforms. 
The interior walls are usually lined in 
marble of a distinctive colour for each 
station. It may be questioned if such 
luxury and elaborate decoration is justi- 
fied in the present financial position of 
the Soviet. Republic. The cost, howe- 
ver, was only 28 million roubles or 
106 million francs (12), which represents 


Fig. 13. 


Note : Grillage métallique = metal lattice work. 
— Niveau... rails = Level of rail top. 


The invert and roof are in reinforced 
concrete with ribs dimensioned and spac- 
ed as shown in the drawing. The side 
walls are in concrete except in bad 
ground where reinforced concrete is 
used, so that on some lengths the lining 
forms a rigid frame which can easily 
stand the outside pressure. 


The rectangular section has been used 
on some 7 km. (4.385 miles) of the tun- 
nel. 

Wherever there was any fear of water, 
special care was taken to prevent it get- 


(12) The rate of conversion of roubles into 
French franes is given at the end of this ar- 
ticle. 


RAILWAY CONGRESS ASSOCIATION 


— Double-track tunnel of rectangular 
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4.5 % of the total cost, part of which 
would have had to have been expended 
in any case. 


V. — Tunnels between stations. 


Three designs have been followed 

1. Rectangular section with two’ tracks 
(fig. 13) used in shallow tunnels excavat- 
ed in open cutting. 


section. 


— Couche isolante de 15 = insulating layer 15 mm. (5/8) thick. 


ting into the tunnel, by using several 
layers of roofing felt or thin sheets of 
asphalt on canvas, several square metres 
in area. This material is mass-pro- 
duced and supplied in rolls, which avoids 
the troublesome work involved in stick- 
ing on several layers of roofing on the 
walls. 

2. Single heading for the two tracks 
driven in the usual way. These tunnels 
are 8.20 m. (26’ 10 13/16”) wide with a 
minimum height of 6.20 m. (20’ 4 1/8”). 
The tunnel has the usual railway sec- 
tion. 


3. On the deep sections between the 
« Red Gate » and « Okhotny Riad » sta- 
tions for a distance of about 2.50 km. 
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(1.55 miles) each track is located in a 
separate tube 5.10 m. (16’ 8 25/32”) in- 
side diameter (fig. 14). These tubes are 
lined, as a rule, in concrete. 

Where the tunnel had to be shield- 
driven, a reinforced concrete lining 
0.50 m. (19 11/16”) thick was used. _ 

It certain sections through perfectly 
stable soil, vertical side walls were used. 
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VI. — Ventilation. 


Particular attention was given to the 
ventilation of the tunnels. 

The detailed investigations — which 
cannot be described here (1°) — of the 
problem showed that of the three ele- 
ments to be evacuated, carbon dioxyde, 
humidity due to the passengers, and heat 


Fie. 14. — Section 
Note : Portes de jonction.,.. 


from the passengers and electric motors, 
the latter is much the more important. 
The ventilating equipment was conse- 
quently designed to keep the temperature 
between a minimum of + 10° 6 (50° F.) 
in Winter and a maximum of + 25° C 
(87° F.) in Summer. 
Two ventilation systems are used 


1. In shallow tunnels with the two 


tracks in a common tube; 
2. In deep tunnels with two tubes. 


In the former method, ventilating shafts 
without fans are provided every 100 to 
120 m. (110 to 130 yards) along the tun- 
nel. In most cases these are the working 
shafts, which have been suitably equip- 
ped after the pune were driven. Their 
usual section is 4m. & 1 m. (13’ 1 1/2” 


of two-tube 


underground line. 


= air current change-over doors. 


< 373 3/8”), and the inlet or exhaust air 
passes through vertical grills as shown 
in the drawing (fig. 13). 

There are in all 56 such shafts. 

Ths fans in the special station entrance 
buildings draw in air from outside dur- 
ing the hot weather. This air leaves 
through the shafts just described. In 
cold weather (™) the fans are reversed 


(13) A detailed article on the ventilation 
of the Moscow Underground was published by 
Mr. Poliakoff in the Russian Journal Heat- 
ing and Ventilation. Most of the above de- 
tails about ventilation have been taken 
from it. 

(14) Hot and cold weather are not used here 
with any very precise meaning. The air cur- 
rent is reversed when the air temperature is 
about 00 C. (320 F.). The exact change-over 
temperature is determined by experience for 
each station. 
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and exhaust the air from the stations. 
The fresh air drawn down through the 
shafts is warmed by the heat given off 
by the trains. 

The capacity of the fans varies from 
60.000 to 100000 m® (2418000 and 
3531000 cu. ft.) per hour at the diffe- 
rent stations. In cold weather only about 
half these quantities of air have to be 
exhausted. 

Some details of the ventilating system 
at the « Communist Youth » station are 
shown in figure 8. 

The ventilation of the deep tunnels 
with twin tubes is much more complex. 
350000 to 400000 m’® (12360000 to 
14120000 cu. ft.) of air have to be in- 
troduced every hour in hot weather. 
The air is foreed under the platforms by 
special fans and distributed along each 
tube into the direction the trains run. 
The used air is exhausted by fans in 
shafts located 2/3rds of the way to the 
next station. In cold weather, the air 
drawn in by the fans of these shafts is 
forced into the opposite direction but al- 
ways in the direction the trains run, thus 
through a different tube to that used in 
Summer. It has, therefore, still to tra- 
vel 2/3rds of the distance between two 
deep stations. 

Consequently, all the fans have to be 
able to work in both directions, and each 
shaft has to be put into communication 
with either of the tubes connecting two 
stations. Figure 14 shows a ventilation 
equipment of this type and figure 15, 
one for a deep station. 

It would, of course, have been better 
to have brought the air through mains 
above the tunnels: however, the very deep 
tunnels are g onerally located at the limit 
of the Galearoous stratum, and for this 
reason the air mains are laid along the 
bottom of the tunnel, although this posi- 
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tion has its drawbacks as regards drai- 
nage. 

The fans in the Moscow Underground 
were built to drawings prepared by the 
Soviet Central Aerodynamic and Aviation 
Office (known as the ZAGI). The dia- 
meters are 1600, 1900 and 2500 mm. 
(5. 3”, 6’ 3 and 8” 9 2 1/2”), and the blades 
are solid-cast aluminium. The air cur- 
rent is reversed by turning the blades 
180°. 


VII. 


The methods used varied with the type 
of tunnel under construction. 


1. Most of the underground was built 
in open cut, the sides of the trenches 
being held by wood sheet piling. Metal 
shuttering was only used in the « Com- 
nunist Youth » station, where there was 
a considerable inrush of water, the site 
being close to an old brook. 

In the outer districts beyond the 
« Communist Youth » station, the roads 
were wide enough for the work to be 
done in open cut between the stations, 
without interfering with the road traf- 
fic. In the western part of the city 
between the « Soviet Palace » and « Cri- 
mea » stations, the road had to be closed 
whilst the work was in hand. 

Most of the excavation work was done 
by shovel, the spoil being barrowed away. 
The lack of up to date material handling 
plant and powerful pumps is said to have 
interfered with the progress of the 
work (15). The cost was very high, as 
will be seen later. 


— Construction. 


(15) A very detailed description of the con- 
struction of the Moscow Underground is given 
in the German review Bauwtechnik (publishers 
Wilhelm Ernst & Sohn, Berlin), in an article 
by Gorrtz, Nos. 33 and 35, 1934. Figures 18 
and 20 (figs. 9 and 15 in the original) have 
been taken from this article. 
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The section near the « Communist 
Youth » station, at the intersection with 
the old brook mentioned above, can also 
be classified as done in open cut, al- 
though built in caissons. 


SECTION ALONG A. B. 


[> 
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Particular care had to be taken at this 
place where the Underground crosses the 
junction line between the railways to 
Leningrad and the South, carrying a hea- 
vy passenger traffic. Furthermore, the 


de olaméire 
Moteur 


Fig, 15. — Ventilating equipment in a very deep station. 


Underground at this point also passes 
close to a large building. 

Each of the three caissons is 25 m. 
(82’) long and 14 m. (36’) wide. The 
distance between the caissons is 3 m. 


(9’ 10’), making the total length of the 
section 81 m. (265’ 10’). 


The caissons were sunk a maximum 


depth of 22.33 m. (73’ 3”) below ground 
level, but as the caissons were erected in 
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Fig. 16. — Arrangement of caissons near the « Communist Youth » station. 
Explanation of French terms: 

Niveau des eaux souterraines = underground water level. — Sable fin = fine sand. — Sable argileux = 
loamy sand. — Calcaire friable = brittle limestone. — Argile jurassique = Jurassic clay. — Caleaire dur 
= hard limestone. — Travail en souterrain = underground work. — 3 caissons ayec 2 sections de jonction 
= 3 caissoas with 2 intermediate sections. — Cotes du rail = height of rail above sea level. — Ligne..- 
Leningrad = junction line between the « Kursk » and « Leningrad » stations. 


an excavation 5 m. (16° 5”) deep, they 
had to be sunk only 17.33 m. (56’ 10”), 
only the last 12 m. (39 4 1/2”) being 
through water, the water level being 10 
m. (32’ 9”) below ground level at this 
point. 

Each caisson took 105000 man-hours 
to sink, involved the excavation of 694 
m’® (908 cu. yards) of material, and took 
1750 m* (2289 cu. yards) of reinfore- 
ed concrete, 250 m* (327 cu. yards) of 
ordinary concrete to fill the chamber, 


and 94 tons of steel. Each caisson took 
36 days to sink (7°). 

2. The deep tunnels, both single and 
double-track, were driven in the usual 
way. The Belgian method was adopted. 
A top heading was driven first of all, 


the roof was then built, and the lower 


(16) This information and the drawings, fi- 
gures 16 and 17, have been taken from the 
article by BuumMrFELp, in the German review 
Bauingenieur, page 411, 1935; publishers, Ju- 
linus Springer, Berlin W 9. 


Sable orgrleux 


Calcarre friable 
Argile Jjurasst 


mi i Caleaire dur 


Cotes du rari. 


Aucust 1936 


BULLETIN OF THE INT. RatLway Concress ASSOCIATION 813 
Remblai _ FST SS VA 
Argile sobloneuse - (See Be 
(SE AREY iS 
Sable Fin -F WPL if 
Sable . WA ae WA 
Aca 
= = yom 
Agile = GZ 
rgule — _ Perzr7zZ Z | s4 YZ 
Argile sabloneuse_ Rees RN Z 2 4 LMM IN 
Argile 
Calcaire friable. 
Caleaire dur. 
Fig. 17. — Cross section of a caisson. 
Hxplanation of French terms: 
Remblai = fill. — Argile sablonneuse = sandy clay. — Sable fin = fine sand. — Caleaire dur = hard 
limestone. — Niveau des eaux souterraines = underground water level. 


parts of the tunnels driven under it. 

The tunnel was driven from shafts 15 
to 40 m. (49 to 151’) deep, there being 
40 such shafts at an average distance of 
100m. (109 yards) apart. 

The greatest difficulty experienced was 
when sinking the shafts through the wa- 
ter bearing stratum, and not in driving 
the tunnels which in most cases were in 
sound ground. 

So as not to endanger the neighbouring 
large blocks of flats, eight of the shafts 
were sunk by compressed air, and shaft 
No. 20bis near the Red Gate by freezing. 
As this process is still little used, we will 
give more details about it. 

The depth of shaft No. 20bis to the 
limestone is 28 m. (92’). The ground is 
first of all frozen to a depth of 1 m. 
(3’ 3 3/8”) round an annular excavation 
6 m. (19’ 8”) outside diameter and 3.30 
m. (10’ 10”) inside diameter, after which 
the centre part is removed (fig. 18). 


The shaft, during this work, was lined 
out with I steel hoops spaced 1 m. to 
1.20 m. (3’ 3 3/8” to 3’ 114 1/4”), and 
held in position by round timbers 5 cm. 
(2”) in diameter. This temporary lining 
was afterwards replaced by the perma- 
nent reinforced concrete lining (17). The 
air temperature inside the shaft was 
about 0° C. (32° F.) (at the end of Au- 
gust 1933), but the temperature of the 
frozen ground was -10° C. to -12° C. 
(14° F. to 10.4¢ F.\. The concrete was 
heated electrically to make it set properly. 


(17) It would have been simpler to have 
fitted the permanent steel or cast iron 
straight away. But as this material is 
amoungst those there is a shortage of in the 
U.S. S. R., it was decided to line with rein- 
forced concrete although it made the work 
more complicated. It is surprising to learn 
that in such a country as Russia there could 
be any question of shortage of steel and cast 
iron to the extent of the small weight wanted 
to line a 28 m. (927) deep shaft. 
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A B: Freezing pipe. 
. — Shaft 20bis. 


Figure 19 shows the reinforcement in 
the ferro-concrete linings 0.30 m. 
(11 13/16”) thick and the position of 
the heating electrodes ; 65-volt current 
was used. The concreting was done by 
sections 1 m. (3’ 3 3/8’) deep between 
two of the I bar hoops mentioned above. 
The work took 8 days, during which 120 
m? (147 cu. yards) of concrete was used, 
the work going forward without a break. 

The mobile platform on which the men 
worked almost completely isolated the 
part of the shaft already concreted. The 
temperature in the section so isolated was 
as high as 32 to 35° C. (89.6 to 95° F.), 
whereas above it was only + 1 to 3° C. 
(33.8 to 37.4° F.) Owing to the good in- 
sulation of the outside face of the con- 
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crete and the fact that the already 
concreted part was tightly enclosed, elec- 
tric heating was discontinued 24 hours 
after completion of the concreting, with 
the result that the current consumption 
was only 50 kw-h. per m?® (38 kw-h. per 
cu. yard) of concrete (’*). 

The freezing process was also used for 


Armature verticale 
2x 4612 par 1m. de lorgeur 123 


eer ree 
ote ot Sel alias | 

riers 
_—f} —] —} — 5 


Armature horizontale 
2x SH19 por 1m, de hauteur. 


Conduites de $16. 


Ss eee 7 


(offrage de- 


25d eparsseur 


Fig. 19. — Electric heating of concrete. 


Explanation of French terms: 
Armature... hauteur — horizontal reinforcement : 
2 bars, 3/16” diam., 19 per metre (3° 3 3/8”) of height. — 
Armature verticale... = Vertical reinforcement : 
2 bars, 5/82 diam., 12 per metre (3’3 3/8’) of width. — 


Conduites de @ 16 = 5/8” @ pipes. — Blindage de 
5mm. déepaisseur = 13/64" thick sheeting. — Rou- 
beroide = Rubberoid. — Coffrage de 2.5 cm. d’épais- 
seur = Shuttering, 1” thick. 


driving the inclined galleries for the 
escalators in some of the deep stations 
and these galleries have been lined out in 
cast iron. 

At certain points under Miasnitzkaia 
Street, the quicksand at the top of the 
tunnel was consolidated by chemical 
means. The advantage of this method is 
its speed, as the ground gave a resistance 
of 20 to 60 kgr./em? (285 to to 850 Ib. 


(18) This information, and figure 19 show- 
ing the electric heating, are from A. RetrHy’s 
article in the German review Beton und Hisen, 
1934, p. 58, published by Wilhelm Ernst & 
Sohn, Berlin W 9. 
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per sq. in.) and even 250 kgr./em? (3 550 
Ib. per sq. in.) in 15 to 20 minutes, al- 
though there was much quartz present. 

Figure 20 shows diagrammatically how 
the work was done in conjunction with 
the chemical process. 


20. — Chemical consolidation of quicksand. 


3. The work at the intersection of the 
tunnel with the Neglinnaja brook, canal- 
ised in 1820, had to.be done with the 
shield, owing to the particularly wet na- 
ture of the ground. The shield in ques- 
tion was ordered in England. 

The length of each of the shield-driven 
tunnels was about 560 m. (394 yards). 

The official Russian description only 
gives meagre details on the progress of 
this work, the maximum rate of progress 
being given as 4.75 m. (15’ 7’) per day 
and the average 240 m. (7 10 1/2” 
sine ce 

The air pressure in the working cham- 
ber was 2.3 ker/cm? (32:7 lb. per sq. 
inch.). 


(19) This speed cannot he said to be very 
great. As a comparison each of the tubes of 
the Paris Nord/Sud line was driven at the 
rate of 1.50 m. (4” 11’) and line N 8 under 
the Seine, Place de la Concorde, 1.31 m. 
(47 3 1/2//). This was in 1908 and 1910. 

As regards more recent work, the 1043 m. 
(0.64 mile) long tunnel under Boston Harbour, 
9.30 m. (307 6/7) diameter was built between 
August 1931 and April 1932, the average rate 
of progress being 4.60 m. (15’ 1/7) per day 
and 163.50 m. (339 1/2’) per month. 
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The work was completed without acci- 
dent and without the slighest damage to 
the neighbouring buildings although the 
shield passed close to the Moscow Dra- 
matic Theatre, over a century old, the 
Metropole Hotel, and other large build- 
ings. 


Vill. — Track. 


The rails are the heaviest now being 
rolled in Russia and weigh 45.4 ker/m. 
(91.6 Ib. per yard). They are laid on 
1 600 sleepers per km. (2575 sleepers per 
mile) on straight sections, and 1760 
(2 832 per mile) on curves. 

The gauge is the standard Russian of 
1524 m. (5 ft). The section of the slee- 
pers s22505 << 1600 mma (0) 27/3952 
6 5/16”), and their length 2.70 m. 
(8’ 10 5/16”). They are creosoted. 

The track in the stations is laid on 
wood blocks embedded in the concrete, as 
shown in figure 7. Between stations the 
track is carried on a layer of granite bal- 
last 30 cm. (4’) thick under the slee- 
pers. The ballast was brought from the 
Dnieper quarries in Ukraine, about 1 000 
km. (620 miles) from Moscow. 

The conductor rail is the same section 
as the track rails but is made of mild 
steel to give better electrical conductivity. 
It is carried on insulators 5 m. (16’ 5’) 
apart. 

The total length of line now in service 
is 35 km. (21.7 miles), 3 km. (4.86 mile) 
being service sidings and connections. 


IX. — Electrical equipment. 


The 6600-volt alternating current is 
generated by the « Mosenergo » power 
station in Moscow, and is transformed 
into 825-volt direct current in four sub- 
stations near the « Sokolniki », « Red 
Gate », « Okhotny Riad » and « Crimea » 
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stations. The total substation capacity 
is 14800 kw., but can be increased to 
90 000 kw., with 48 000 kw. in the « Ok- 
hotny Riad » substation, without altering 
the buildings. 

The central distribution plant is at the 
« Okhotny Riad » substation. 

The current for lighting and automatic 
signalling and for working the mechani- 
cal escalators and the other auxiliary 
equipment is taken from substations in 
each of the stations other than the « Le- 
nin Library » station. 


X. — Rolling stock. 


The rolling stock includes both motor 
vehicles and trailers. The station plat- 
forms are long enough for eight-coach 
trains including 4 motor coaches. When 
first opened, half sets of 4 vehicles will 
be used. 

The coaches are 18.90 m. (62’) long over 
buffers, 2.70 m. (8’ 10 5/16”) wide, and 
the interior height is 2.60 m. (8’ 6 3/8”) 
(fig. 21). The motor coaches weigh 
45 t. (443 Engl. tons) and the trailers 
31.5 t. (31 Engl. tons). 
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The motor coaches are equipped with 
four 150-kw. motors each. They are fitted 
with Matrosoff electro-pneumatic brakes 
and electric heating. The four-wheeled 
bogies have 0.90-m. (2’ 11 1/2’) diameter 
wheels, and*a wheel base of 2.315 m. 
(12-1 0/527 n 

Four automatically-operated doors 1.20 
m. (3’ 11 1/4”) wide are fitted in each 
side of each body. The doors can only 
be opened when the train is stopped; the 
train cannot be restarted until all the 
doors are closed. 

The coaches have longitudinal uphols- 
tered leather-covered seats (fig. 22). 
They have 52 seats and room for 118 
standing. Although longitudinal seats are 
less comfortable, they allow of the full 
carrying capacity of the vehicles being 
taken advantage of during rush hours. 

The maximum axle-load (vehicle and 
paying load) is 17.5 t. (17.2 Engl. tons). 


XI. — Operating conditions. 


The signalling of the line is based on 
a 3-minute headway between trains. This 
time is considerable in comparison with 


Fig. 21. — Outside view of a carriage. 
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1 minute 30 seconds on the busiest Paris 
lines and 7 minutes on the least used 
sections during the slackest period. The 
traffic capacity with rakes of 8 vehicles 


Fig, 22, — Interior view of a carriage. 


F LID 8X 60. 
is therefore = == 27 200 pas- 
oO 


sengers per hour in each direction, if all 
places be occupied (2'). In practice a 
greater number of passengers can be car- 
ried during rush hours, by overloading 
the carriages, as for example up to 50 % 
in Paris. j 


(21) The capacity of the busiest lines of the 
Paris Metro, with trains at 1 1/2-minute 
intervals, is 24000 passengers in each direc- 


tion. It will be increased to 31600 after 
lengthening the platforms to 105 m. (3437) 


and making up the trains of 7 carriages. 
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The maximum train speed on the 
straight sections on the level or easy gra- 
dients is 60 km. (37.3 miles) per hour, 
as in Paris. The commercial (overall) 
speed should be 26.6 km. (16.5 miles) an 
hour (*), but obviously it cannot yet be 
stated if it will reach this figure in ordi- 
nary working. 

The present price of tickets in Moscow 
is 40 kopeks for a single journey and 35 
kopeks if books of 10 or 20 tickets are 
bought. It is difficult to say what these 
prices mean to the Moscow people, but it 
should be high seeing the monthly wages 
of a workman are about 150 roubles. 


XVI. — Time taken to build the line 
and cost. 


The first Underground line was opened 
to service on the 15th May, 1935, or about 
six months later than expected. The work 
was begun at the end of 1932, and the 
provisional opening date was the 19th 
February 1935. The work properly 
speaking took 26 months, after which 
there was a period of transitory working 
which lasted some three months (**). 

The new lines mentioned above were 
begun in April 1935 and should be open- 
ed to service at the end of 1937. The 
work, if not delayed, will therefore last 
about 2 1/2 years. 


(22) The overall speed in Paris, at the pre- 
sent time, is 24 km. (14.9 miles) an hour. 


(28) It may be remembered that the Paris 
Metro line No. 1, 10.32 km. (6.4 miles) long, 
was started at the end of 1898 and opened to 
traffie on the 19th July 1900, a period of 
20 mounths against the 29 months taken to 
do the same work in Moscow, though the for- 
mer was built 35 years ago, when the machi- 
nery available was not so powerful and there 
was much less experience in such work. 
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The cost of the first lines was as fol- 
lows 


Millions 
of roubles. 
Tunnels, stations and passage-ways. 506.2 
Interior linings of stations and en- 
5) 


trances . 
Track 
Signalling. : 
Mechanical escalators 
Mains and electric conductors. 
Ventilation and lighting equipment. 
Traction- and other substations. 
Workshops and sheds. 
Rolling stock 


Total expenditure other than on the 
main works (tunnels, permanent 
way). ‘ 


— 


SRS RNR RD 
CMOnmMNonkre 


wee 


Total. 


The 11.4 km. (7.1 miles) of line in 
service, therefore, involved an expendi- 
ture of 55000000 roubles per kilometre, 
of which 44300000 represents the tun- 
nels and permanent way proper. 

This cost must be considered as high, 
seeing that the corresponding figures in 
Paris, when in 1900 the lines were opened 
to traffic, were only 4000000 francs of 
which 2700000 for the tunnels, equiva- 
lent to 20 and 15.5 million present-day 
frances. 

The more recent Paris ae [No. 14 line 
(extension of lines 7, 8, 9, and 10) | cost 
much more, namely 40 000 000 franes per 
kilometre. 

This increase is explained not only by 
the increase in unit prices, but to a large 
extent by the complications of the trans- 
fer stations such as « Chatelet » and 

République ». There were no such 
stations on the Paris No. 4 line in 1900, 
nor are there on the lines in service in 
Moscow. The figures for Berlin (2‘) are 
almost the same as for Paris, as the con- 
struction of these lines was begun at 


(24) The information on the Berlin Under- 
ground is taken from BousseEt’s book Die Ber- 
liner U. Bahn, 1935, ee by Wilhelm 
Ernst & Sohn, Berlin W 9 
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about the same time. The first line 10.6 
km. (6.6 miles) long, opened in 1902, cost 
2635 000 marks per km. excluding the 
substations and rolling stock, or 3 260 000 
franes of the period, or approximately 
the same as in Paris. 

The price per km. of the 13.4 km. 
(8.3 miles) of lines built in Berlin after 
the deflation, in round figures was Rm. 
7820000 under the same conditions as 
the lines mentioned above, or 47500 at 
the official rate, which is really 33 % 
higher than the true rate. Using the 
latter value the cost per km. in frances is 
about 35000000 or almost exactly that 
of the Paris lines, seeing that this 
amount does not include certain items 
contained in the Paris figures. 

It is difficult to convert roubles into 


frances. When the work was in hand the 
exchange was 13 French francs to the 
rouble. It is now fixed at 3 francs, 


which is still too high and does not cor- 
respond to the purchasing power of the 
rouble. For example the price of bread 
per ker. is 2 roubles in Moscow and 1.6 
francs in Paris. 
In calculating the cost of labour, a 
much higher rate must be taken. The 
average monthly salary of the workmen, 
in 1931, was 150 roubles, whereas on the 
French main-line railways it was 4 111 
francs. As the cost of labour on the 
Moscow Underground was 45 % of the 
total cost (°°) we can get an idea of the 
cost of building the underground railway 
by converting roubles into franes, at an 
artificial rate which however corresponds 
more or less with the actual position, as 
follows 
valle 
150 > x 0.48 + “5° x 0.58 = 8.33 + 0.44 


53,717 Ore dio) Foeneh franes to the rouble. 


(2) From information given by Bovusser, 
Die Berliner U. Bahn, p. 135. 
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Converting the cost per km. i. e. 
39 000000 roubles at this rate, we get 
209 000 000 French franes or five times 
the cost of the most recent Paris and Ber- 
lin lines. 

The labour cost on the Moscow Metro 
can also be compared with the corres- 
ponding expenditure on other such rail- 
ways by considering the volume of the 
work done. 

Up to the 1st March 1935, 16 270 000 
men-days were worked with a daily aver- 
age, in 1934, of 64685, 4300 or 6.7 % 
of which refers to the engineers and 
other technical employees. The prin- 
cipal work done by this labour was the 
excavation of 2295 000 m* (3 million cu. 
yards) of spoil in various kinds of 
ground and the building in of 842 000 m® 
(1,101 300 cu. yards) of concrete and re- 
inforced concrete. There was therefore 
0.367 cubic metre of concrete and rein- 
forced concrete work per cubic metre of 
excavation. 

* The labour including all other work 
amounted to 7.4 working days per cubic 
metre excavated. 

Corresponding data is not available for 
the other Underground systems ; only 
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quite exceptionally are such data pu- 
blished. We can, however, use the data 
for the Hauenstein tunnel, in Switzer- 
land, with sufficient accuracy for our 
purpose. This tunnel is 8434 m. 
long (**), it represents 485 000 cubic me- 
tres of excavation in various soils and 
95 000 m? of masonry. The work, in- 
cluding the various supplementary items, 
involved 1270212 working days or 2.52 
per m* excavated, or only 37 % of the 
labour used in Moscow. 

Besides the expenditure given above 
the official Russian figures still show an 
expenditure of 130000000 roubles for 
auxiliary works, mechanical equipment 
and tools, as well as for building houses 
and educational centres. As the pur- 
port of that expenditure is not clear, we 
have not included it in the cost per ki- 
lometre, although part of it should be ad- 
ded to the 209 millions to make more 
accurate the comparison with the cost of 
building metropolitan railways in the 
capitals of Western Europe. 


(26) « Der Bau des Hauenstein-Basistun- 
nels », 1912-1915, Denkschrift des Sektionsin- 
genieurs ; E. WiesmMANN: Berlin and Berne. 
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Building the Severn tunnel, 
by the late Ernest BENEDICT (*)a Me inst. Ciuk. 


(The Railway Gazette, Great Western Centenary number). 


The original idea of making a tunnel 
to supersede the steam ferry across the 


River Severn occurred in 1862 to 
Mr. Charles Richardson while he was 


engaged on the New Passage ferry piers 
then being built for the Bristol and South 
Wales Union Railway. His preliminary 
observations satisfied him of the practi- 
cability of a tunnel roughly on the line 
of the ferry, and on bringing the matter 
before M. Leonard Bruton, Secretary of 
the Bristol and South Wales Union Rail- 
way Company, a Bill was deposited in 
Parliament, in 1863, by a Bristol com- 
pany, under practically the same mana- 
gement as the Union Railway. After two 
attempts to pass the Bill, which failed 
for want of funds, the Great Western 
Railway. took up the scheme, and with 
its backing, the Bill was again deposited 
in 1872, and in spite of some opposition 


(1) This article has been preserved for many 
years in the files of The Railway Gazette, for 
which it was specially written when the 
author was a member of its editorial staff. 
Julius Felix Ernest Charles (known as Er- 
nest) Benedict, was born in 1838 and was a 
son of Sir Julius Benedict, the well-known 
conductor and composer. After being edu- 
cated in London, Naples, Pisa, and Paris, he 
was apprenticed for three years (at the sug- 
gestion of Isambard Brunel) to John Scott 
Russel, who was then building the steam- 
ship Great Eastern at Millwall. After a little 
over a year Brunel took Benedict into his 
own office. From 1859 to 1864 Benedict was 
Assistant Engineer during the construction 
of the Bristol and South Wales Union Rail- 
way. From October, 1865, he served with the 
Eastern Bengal Railway, and thus began a 
distinguished career in connection with In- 
dian railway engineering. During his later 
years he devoted much of his time to jour- 
nalistic and literary work, and died on De- 
cember 1, 1925, at the advanced age of 87. 
(Edit. Ry. Gaz.) 
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an Act was obtained, mainly on the 
strength of the favourable evidence of 
Sir John Hawkshaw, who was appointed 
Consulting Engineer for the work. 

The plan shows the portion of the 
Severn estuary adjacent to the original 
ferry and the new tunnel, with the lines 
of the ferry and tunnel, and connections 
therewith on the English and Welsh 
sides. The west edge of the English 
stones and the east edge of the Lady 
Bench Rock are the boundaries of the 
Shoots, which are 1 200 ft. wide, and 
95 ft. deep at high water. The-English 
stones are dry at half-tide, and are of 
such hard marl that they have resisted 
the action of the river. The range of 
tide at the crossing amounts to 50 ft. at 
extraordinary H. S. T., the flood comes 
up in five hours, and the ebb recedes in 
seven hours, with 20 minutes’ slack 
water at each turn of tide. The flood 
water pours over the English stones, and 
at the ebb, as the water goes down, it 
runs out into the ferry channel! and so 
around into the Shoots, which then at- 
tain a velocity of 10 knots. Mr. Richard- 
son’s observations had satisfied him that 
a tunnel could be driven at this place 
without any danger from the river water, 
owing to the closeness of the strata 
through which it would pass. 


In the Act of 1872 the limits of devia- 
tion across the Shoots were widened to 
300 yards, and careful soundings be- 
tween these limits were taken before the 
centre line was fixed. Thirty-one cross 
sections were taken, at 10 yards apart, 
and with a special machine is was pos- 
sible to take soundings of the full depth 
within 3 inches, and at points as near 
as possible to each other, which were 
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only 2 ft. apart on the final centre line. 
It took three months to do this work, no 
signs of any crevice at all were discover- 
ed, and this settled the final lay-out of 
the tunnel. 

At the English portal it was necessary 
to provide protecting banks to keep the 
high flood water out of the working ex- 
cavations, and ultimately out of the tun- 
nel, and with this view, sea banks were 
constructed 16 ft. high. Mr. Richardson 
decided that a 30-ft. cover under the 
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Shoots was sufficient, and sent in his 
estimates accordingly, with approach 
tunnels graded at 1:100 on both the 
English and Welsh sides, the new works 
extending from Pilning station on the 
Bristol and South Wales Union Railway, 
to Rogiet station on the South Wales 
Railway, a total distance of 7 miles. 
From 1863 to 1865, as his assistant, the 
present writer worked under Mr. 
Richardson in all the preliminary ob- 
servations, and in 1871, while on leave 
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Sketch plan of the Severn tunnel site. 


from India, he had charge of the sound- 
ing party in the Shoots. 

On March 18, 1873, work on the tun- 
nel was begun by the Great Western 
Railway, departmentally, under Mr. 
Richardson, by sinking a shaft 15 ft. dia- 
meter, and 200 ft. deep (called the Old 
shaft) at Sudbrook, on the western bank, 
from which a drainage heading, 7 ft. 
square, rising 1 : 500 was driven east- 
wards to the intended lowest point of 
the tunnel. In four and a-half years this 
heading was driven 1600 yards, to a 
point just across the Shoots, and progress 
being slow, the Great Western Railway 
directors decided to invite tenders for 
the completion of the work. Three were 
received, all too high in the opinion of 
the board which decided thereupon to 
continue upon the old lines, additionally 
letting contracts for the sea-bank shaft 
on the English side, and Marsh and Hill 
shafts on the Welsh side. The contracts 
also included the driving of headings 
eastwards and westwards from each of 


these shafts, the railway company con- 
tinuing with the under-river heading. 
During 1879 top headings eastwards 
and westwards were started from the Old 
Shaft. These had progressed a certain 
distance when on October 18 a spring 
was tapped at the western end, at a time 
when the ends of the meeting headings 
were only 138 yards apart. This flooded 
the under-river work on the Sudbrook 
side up to tide level. On the accident 
being reported to the Chairman of the 
Great Western Railway, Sir Daniel 
Gooch, who was at the opening of the 
Midland Railway’s new Severn bridge 
at Sharpness, he recommended that the 
work should be placed. directly under 
Sir John (then Mr.) Hawkshaw, and this 
was done. Mr. Hawkshaw informed the 
directors of the Great Western Railway 
that he was prepared to act as Chief 
Engineer provided that they would per- 
mit him to let the construction contract 
himself, and on this being agreed to, he 
arranged with Mr. T. A. Walker, who 
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had previously executed work under 
him, to enter into the contract for the 
completion of the tunnel, the final arran- 
gements for which were signed on De- 
cember 18, 1879. 

At this time all workings from the 
Sudbrook shaft were flooded owing to 
the irruption of the Big Spring. A clause 
in the contract provided that the portion 
of the tunnel under the Shoots should 
first be proceeded with, as the railway 
directors and the engineer still thought 
the chief risk lay in this portion and, 
consequently, the first thing to be done 
was to clear the workings of water. The 
Great Western Railway had bought two 
specially large pumping engines imme- 
diately after the Big Spring had broken 
in, and these had to be installed and got 
to work; meanwhile the problem was to 
shut off the Big Spring from the pump- 
ing shaft. The heading through which the 
water rose in the shaft was 140 ft. below 
the normal level, and the contractor’s 
idea was to lower two shields down to 
this heading, and securely strut them 
across the shaft. The difficulty in the 
operation lay in the fact that the whole of 
the work was under water, and that the 
placing and strutting of the shields had 
accordingly to be performed by divers. 
The pressure of water at the working 
place was so great that very few men 
could sustain it, and the existing pumps 
were therefore put to work, and the head 
of water reduced by 50 ft. A great deal 
of trouble was experienced with the 
pumps, but finally the two shields were 
placed and strutted, when it was at once 
found that the western, or Welsh side, 
portion — the one adjacent to the Big 
Spring — was leaking badly all round. 
A quantity of Portland cement was intro- 
duced through doors in the shield, and 
built up inside to try to check this leak- 
age, but it soon became evident that the 
effect of these was but little, and as the 
existing pumps could not deal with the 
large quantity of water coming through, 
it was decided to abandon the attempt 
to pump out the shaft until the new 38-in. 


SEVERN 


RIVER 


WW.0.5.7, 173° 


SAND AND 
LOAM 


Accuvium 


my tz W.0.8.T. 136! 


CONGLOMERATE 


COAL 


MAR. 
MARL 


BULLETIN OF THE INT. Rarpway Concress ASSOCIATION 


PEAT 


‘ 


MARL 
OPEN JOINTS i 


GREY SANDSTONE 


REO SANOSTONE 


BLUE SHALE 
CLAY SHALE \ 
PENNANT 


“y 
= 


AN 


it 
\ 


MILLSTONE GRIT ~ 


100 
CLAY SHALE 


PENNANT 
COAL SHALE 


tN 


1 


>= 


6 


LIMESTONE B0ULDERS 


GRAVEL AND 
SANO 


MOUNTAIN LIMESTONE 


9 O" VENTILATING HEADING (3 CH. LONG 


BLUE SHALE 


Z 


5.06" BARREL CULVERT 53 


CLAY SHALE 


CH. LONG 


a 
J 


624 VARGS 


GMULES 


TURN? 


OF 


Ty 


823 


Sectional diagram of the Severn tunnel. 
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pump which had been ordered by the 
Great Western Railway could be started. 

In the meantime, Mr. Hawkshaw had 
decided to lower the tunnel under the 
Shoots by 15 ft., to ensure greater secu- 
rity with the under-river portion, and in 
order to effect this the grading of the 
line, which had previously been arrang- 
ed as 1 : 100 on both sides of the bottom 
level, was amended to 1 : 90 on the Welsh 
side, the English side remaining at 
1 : 100. Following this decision, a fur- 
ther pumping shaft was sunk at Sud- 
brook, adjacent to the Old shaft;the Sea- 
Wall shaft was lowered 27 ft., partly to 
allow for the re-graded railway, and 
partly to provide a sump; and two other 
shafts were arranged for west of Sud- 
brook, so as to enable a start to be made 
with the work clear of the point where 
the Big Spring had irrupted. 

Early in June 1880, the work of lower- 
ing down the Old shaft the new 38-in. 
pump was begun, but when nearly in 
position, it was found that it fouled a 
column which was part of the supporting 
structure of the old pumps. This ob- 
struction could not be readily removed, 
and it was therefore decided to start the 
pumping in the position which had been 
attained and things were going on well, 
the water having been lowered to within 
a few feet of the bottom stage, when the 
new pump suddenly broke to pieces, and 
in a few hours the shaft was again full 
of water, and the general state of things 
was in the same position as seven months 
before. The breakdown of the pump was 
found to be primarily due to the design 
uf the valves and seatings, but in view of 
the general damage caused, the whole 
pump had to be withdrawn, and in the 
replacement, the working diameter was 
reduced to 35 in. The renewed pump 
was started again on October 14, 1880, 
and this time the water was gradually 
lowered, but it was found that there was 
hardly sufficient capacity to deal with it 
completely, and it was therefore decided 
to put additional pumps in position. The 
water was finally lowered to such a point 
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that it was possible to explore the west- 
ern heading. A suitable spot was found 
where it was decided to make dams to 
shut off the water of the Big Spring, and 
these were immediately successful in 
holding back this troublesome inrush. 

The success of these final manoeuvres 
in dealing with the Big Spring was due 
almost entirely to the diver, Lambert, 
who was engaged on the work. Mr. Ri- 
chardson’s description of him is brief 
and pointed : « His name is Lambert, a 
fair-haired man of few words, but of 
great courage. » In his earlier submarine 
operations at the tunnel he was using the 
orthodox diving outfit, which entailed 
great trouble and danger due to the air 
pipe entangling itself with the debris in 
the shaft and heading, and, as a result, 
Mr. Walker obtained the services of 
Fleuss, who was then exhibiting in Lon- 
don his new apparatus, for diving with- 
out pipes. Fleuss, however, after one 
experience, refused to attempt further, so 
Lambert suggested the loan of the dress 
to himself. After much controversy this 
was agreed, and enabled Lambert finally 
to reach and shut the door of the heading 
to check the Spring. 

After this feat had been accomplished, 
progress was soon made with enlarging 
the existing headings from the Old shaft 
to allow for double lines of 21-in. gauge 
railway. At the Sea Wall shaft, the tun- 
nel proper was under construction, when 
water burst in through the roof, and to 
the consternation of the workmen prov- 
ed to be salt water, showing that it came 
from the river. To find the leak, which 
was adjacent to the Salmon Pool, a 
rumber of men arranged to join hands 
and walk through the water — the 
argument being that when one disap- 
peared, the leak was found. This ac- 
tually happened, and at low water the 
hole was effectually stopped by layers of 
loose clay and bagged clay alternately, 
the final covering layer being a large 
quantity of bagged clay. 

Work from the Sudbrook shaft was 
proceeding tolerably well and, as this 
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shaft had to handle the bulk of the ma- 
terial, heavier track was laid, concur- 
rently with a good road and_ proper 
drainage, in addition to which it is 
worth noting that electric lighting was 
installed (in 1881). Ventilation of the 
workings was by compressed air, from 
Sudbrook, this air having to be con- 
veyed 1 3/4 miles at the extreme point. 
Three mains were in position, one 2 in 
for the men driving the heading, and 
two 3 in. for power for the rock-drills. 
A large fan, 18 ft. dia., was fixed shortly 
afterwards, consequent upon the deaths 
of two men which were popularly 
ascribed to the fumes given off by the 
blasting material, known as « tonite ». 
The 18-ft. diameter Guibal fan referred 
to worked quite satisfactorily during the 
tunnel construction, and the same system 
was adopted for the permanent ventila- 
tion, a 40-ft. diameter fan replacing the 
smaller one. 

In 1882 instructions were received 
that work was to be proceeded with at 
all points, and a start was therefore made 
on the approach cuttings at each end. 
Towards the end of February in that 
year, the chief engineer passed through 
the whole of the heading under the river, 
from which work could be seen in all 
stages of progress. The electric light 
system was also introduced on the Glou- 
cestershire side, with 2 000 candle-power 
lamps, and extended on the Sudbrook 
side to include the surface works. <A 
further interesting matter at this time 
was the installation of a telephone be- 
tween the two ends of the tunnel works. 

About the middle of 1883 it was decid- 
ed to attempt the district in which the 
Big Spring had previously broken in, 
and it was decided to open the door in 
the head-wall which had been built 
across the heading in 1880. This was 
found difficult owing to the quantity of 
material which had been forced behind 
it, and finally this material had to be 
removed by a heading driven around the 
door. A great cavity was found from 
which this material had fallen, and great 
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endeavours were made to fill this and 
support its roof. However, while this 
work and the advancement of the adja- 
cent headings was proceeding, the 
Spring broke in again and flooded the 
whole of the tunnel workings. A large 
portion of the tunnel west of Sea-Wall 
shaft was then finished, and it was con- 
sidered necessary to build across this 
a head-wall to check the flood. It was 
estimated that water was pouring into 
the workings at the rate of 27000 gal- 
lons a minute, which was approximately 
two and a-half times the capacity of the 
pumps which had to deal with it. After 
some trouble, divers succeeded in clos- 
ing the door of the head-wall, and short- 
ly afterwards the pumps cleared the wa- 
ter. Unfortunately, a few days before 
this record high tide had flooded the 
Marsh Pit (west of Sudbrook) and all 
the workings connected with it, and also 
the cutting. However, this water was 
gradually cleared, and the Big Spring 
given a further check in the shape of 
a large head-wall of brick and cement 
built across the full-sized tunnel, 260 ft. 
west of Sudbrook shaft. 

This spring presented the great pro- 
blem at this time as it was now obvious 
that a continuous volume of water had 
to be dealt with. At one time it was 
thought that a subterranean reservoir 
had been tapped, which could gradually 
be pumped off as it drained into the 
workings, but the last irruption had in- 
dicated sufficiently that this assumption 
vas unsound. Before the tunnel could 
be completed this volume of water would 
have to be dealt with, and it was there- 
fore decided to increase the pumping 
capacity as rapidly as possible. Addi- 
tional boilers and the corresponding 
boiler-house accommodation had also to 
be provided, which necessitated further 
heavy expenditure. Meanwhile the 
whole of the tunnel was in progress, 
except 300 yards in the vicinity of the 
Big Spring, over 3600 men were em- 
ployed, and nothing of note had to be 
recorded. To deal with the spring it was 
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decided to drive a side heading parallel 
to the centre line of the tunnel, from the 
Old Shaft at Sudbrook to the point where 
it would intercept the spring water. 
Meanwhile, as it was known that much 
of the water came from the loose bed of 
a small river in the locality, a concrete 
invert was constructed in this for a 
length of four miles. On December 19, 
1884, the spring was tapped by the side 
heading, and the tunnel in the district 
left almost dry. The complete passage 
through the affected area had been com- 
pleted just prior to this on October 17, 
and Sir Daniel Gooch happened to be on 
the workings at the time the through 
way was finished. The laying of the 
permanent way was commenced about 
this time on the Gloucestershire side of 
the river. The last length of the tunnel 
brickwork was keyed up on April 18, 
1885, and the Big Spring afterwards 
imprisoned (it was thought finally) by 
closing the side heading. The first train, 
including in its passengers Sir Daniel 
Gooch, was run through the tunnel from 
Severn Tunnel junction on September 5, 
1885, and after the trip it returned to the 
Monmouthshire side, as the junction con- 
nections at the other end were not com- 
plete. 

The Big Spring had not, however, 
finished troubling the work, as the pres- 
sure on the brickwork of the tunnel, 
caused by the imprisonment of such 
head of water, had caused the bricks to 
break, the water shooting through the 
broken bricks right across the tunnel. 
In Mr. Richardson’s monograph on the 
tunnel he claims the explanation of this 
to be comparatively simple, as he points 
out that the top ring of the invert (which 
portion of the brickwork, being the low- 
est, had to stand the highest water pres- 
sure) was the least leaky of all the six 
rings which were in place, and conse- 
quently the pressure leaked through the 
ofter five, and concentrated on the final 
layer. He calculated that the pressure 
was probably more than 2 tons per sq. 
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in., with the result that the cement joints 
yielded, and the ring was blown up. As 
confirmation of this assumption, Mr. 
Richardson points out that no crushed 
bricks were found.. 

The pressure on the top of the tunnel 
due to the spring water was 52 Ib. per 
sq. in., and on the bottom, 64 1/2 lb. per 
sq. in. In view of this new development, 
Mr. John Hawshaw decided to pump the 
whole of the water of the Spring and 
thus take the pressure off the brickwork, 
and to this end arrangements were made 
for a large additional shaft at Sudbrook, 
with pumping plant capable of dealing 
with a volume of water well above any 
known maximum that had so far been 
handled on the work. In due course 
most of this additional plant was in 
working order, and regular goods traffic 
through the tunnel was begun on Sep- 
tember 1, 1886. The Board of Trade 
made an official inspection on Novem- 
ber 22, 1886, stating in the report thereon 
that the total pumping capacity at five 
shafts was then 38000000 gallons of 
water a day, to pump between the known 
minimum and 
and 30000000 gallons a day. When the 
whole of the plant was completed, the 
inspector stated that the pumping capa- 
city would be 66 000000 gallons a day. 
All the water from the Big Spring, except 
a small amount used for boiler feed, is 
pumped into the River Severn. 

Passenger traffic was inaugurated on 
December 1, 1886, on the 7 mile 34 chain 
section between Pilning junction and 
Severn Tunnel junction which includes 
the 4 miles 628 yards of tunnel proper, 
constituting then, and _ still, the lon- 
gest (*) railway tunnel in Great Britain. 
On the same date the 2 miles 59 chains 
from Pilning junction to New Passage 
pier, and 74 chains from Portskewett to 
the pier were closed. 


(*) At the present time the Severn tunnel 


maximum of 23 000 000 — 


is the 25th in length among the world’s long — 


railway tunnels. (Ed. Ry. Gaz.) 
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Recent developments in goods wagon construction, 
by J. SCHINKE, Reichsbahnrat, Berlin-Steglitz. 


(From Glasers Annalen), 


After a brief retrospective description of the present-day goods wagon stock of the 
Reichsbahn, made up of wagons belonging to the former German States, of the Union 
type, and of the common user type, the author describes the development of welded wagons. 
He then gives particulars of recent designs of wagons for fast trains, and of the steps 


taken to improve the running of the other wagons. 


The article ends with a description 


of the progress made in special wagon design, such as high-capacity coal, mineral and 
mixed (coal and sand) wagons, as well as container flats, refrigerators, and wagons for 


conveying sick animals. 


1. — Short retrospective review 


of development up to 1933. 


The present stock of goods wagons 
represents four stages of evolution, the 
first and oldest being represented by 
the types of the former German States; 
they sometimes differ widely from one 
another, even within a particular class 
of stock. 


This state of affairs only came to an 
end in February 1909, when the goods 
wagon committee of the newly instituted 
Rolling Stock Union of the German 
State Railways published uniform regu- 
lations on the dimensions of wagons and 
the design of their parts, such as wheels 
and axles, buffers, axle boxes, springs, 
etc..., which the member railways had to 
adopt. This was the origin of the stan- 
dard Union wagons, the description of 
which includes the letters A, to Weg for 
example the G wagon has the prefix A,, 
and the Om wagon A,,. The first batches 
of these standard wagons were built in 
1911 tot 1914. 


However, when all the classes were 
taken into account, there still remained 
180 different designs (1). This explains 
why the builders and even more so the 
repaiv shops insisted upon the reduction 
of the number of types, standard building 
methods, and absolute interchangeability. 
A considerable amount of preliminary 
work had to be done to meet these desi- 
derata (2). The Om was the first wagon 
to be built in accordance with this prin- 
ciple of interchangeability, and was fol- 
lowed at brief intervals by other classes, 
the O wagon finishing the series in 1928. 

The last and most up-to-date stage of 
development is represented by the weld- 
ed wagons of recent construction. 


2. — Evolution of goods wagons 
since 1933. 


The main developments of the last few 
years have been the introduction of weld- 
ed goods wagons and the improvement 
of the running; at the same time new 
types of wagons have been designed for 
fast trains. 


(1) Cf. Krmry : « Vorrats- und Austausch- 
bau bei Wagen » (Construction of wagons with 
interchangeable parts). Special number of 
the V.D.1.,.1925. 


(2) Cf. Krery : « Die Hinftihrung des Aus- 
tauschbaues bei den Reichsbahnwagen » (In- 
troduction of interchangeable designs in 
Reichsbahn rolling stock). Special number of 
Glasers Annalen, 1st July 1927. 


823 


a) Welled wagons. 

Some caution is desirable when intro- 
ducing new methods of building goods 
wagons as wagons, unlike locomotives 
and carriages, do not belong to any 
particular centre but are run as and 
where required; they frequently travel 
beyond their owning countries’ frontiers. 
The first thing to be done is to make 
sure a wagon built on the new method 
can still be repaired in the usual way 
and cheaply in the Reichsbahn’s shops. 
The technical conditions in neighbour- 
ing countries must also be kept in mind. 
The important factor, of course, is 
whether the new method is technically 
better or not. Welding has given such 
good results in other applications that 
a careful study had to be made into the 
advantages to be got by using it in wa- 
gon building. Welding definitely re- 
duces the tare of the wagons, and con- 
sequently the dead weight of the trains. 
Welded wagons are less subject to cor- 
rosion than rivetted vehicles as the weld- 
ed design is more open, with less hidden 
corners which are especially subject to 
rusting. Some classes of wagons, when 
welded, could be made to run better as 
the parts of the wagons are more rigidly 
assembled, an open wagon on a rigid 
welded frame being steadier than when 
on a rivetted one. Successful tests car- 
ried out in other fields showed that the 
cost of welded wagons would be less as 
soon as the staff had had sufficient ex- 
perience and the design had been adapt- 
ed to the requirements of welding prac- 
tice. : 

six (SS1, Kj Om, V, R and Gil) of the 
11 classes of interchangable wagons are 
now being welded and 4 of these (K, V, 
R and Gl) have been made of St. 37 (*) 
and St 52 (**) steel in order to ascertain 
how much weight can be saved on the 
one hand by welding alone, and on the 
other by welding in conjunction with a 


(*) 23.5 Engl. tons per sq. inch. 
(**) 33.0 Enel. tons per sq. inch. 
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lighter construction. Outwardly welding 
has made little difference in the appear- 
ance, as welding has not been allowed to 
interfere with the standardisation of 
types, which was so difficult to attain 
when designing the interchangeable wa- 
gons, nor with the principles on which 
the wagons huilt. The only thing 
that had to be dropped was the inter- 
changeability of parts, no longer neces- 
sary in the welded wagon. Mass pro- 
duction is still possible, especially when 
the details are designed to suit welding 
and standardised. Naturally this has not 
been done yet, purposely, so as not to 
interfere with this development in its 
early stage. As, however, a rather large 
number of goods wagons have already 
been welded, the general lines the 
standardisation of the details will follow 
are already clearly traced. 

Figure 1 is the SS1 welded rail wagon 


are 


Inve, 
wagons, built of St. 


— §8-wheeled (SS welded rail 


1 
52 steel. 

with plate frame bogies. The stanchions 
and cross bearers are arranged different- 
ly from the riveted wagons; each stan- 
chion is followed by a cross bearer so 
that each pair of stanchions forms, with 
the corresponding cross bearer, a gantry 
which absorbs the lateral pressure due 
to the load without the solebars being 
subjected to torsion to any extent. 

The brakesman’s cabin and the rail- 
ing round the platform are removable to 
allow of long loads being loaded over the 
headstocks. Access to the cabin has been 


= (cam 


\n 
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improved by altering it so as to allow 
the brakesmen to stand upright in it 
without danger. 

Figure 2 shows the welded lime wagon 
(K wagon) built of St. 52 steel. Standard 
rolled sections have been used as far as 


@, 2, — 15-ton welded lime wagon, 
built of St. 52 steel. 


possible, but where this could not be 
done D.I.N. (Deutsche Industrie Normen) 
rolled sections were used. When there 
was no suitable D.I.N. section, chamfer- 
ed plates were used; for example on the 
K wagon they were used for the body 
end stanchions, the door stiffeners, the 
bottom doors, and the roof. 

However, as chamfered sections or 
pressings are costly and cannot be used 


3. — 20-ton (Om) open wagon with weld- 
ed St. 52 steel frame and wood body 


everywhere, in the welded Om wagon in 
St. 52 steel (fig. 3) new and readily rol- 
led sections with which full advantage 
of the high tensile strength of the St. 52 


VITI—6 
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steel can be taken, are used in the body 
end, the outside and middle longitudinals 
and the headstocks. In order to improve 
its running (see 2b), the wagon has been 
fitted with new spring gear, including 
9-plate laminated springs, 1.50 m. (4 
11 1/16’) long and of 120 mm. x 16 mm. 


(4 23/32” x 5/8’) section, connected 
through shackles and rollers to the 


frame. The flexibility of the springs is 
about 12.5 mm. (0.49) per ton. 
Welding has reduced the weight of the 
goods wagons, as delivered, by some 8.5 
to 138 % with a maximum of 18 %. When 
St. 52 steel is used the reduction is from 
18 to 23 %. These wide variations are 
due to the varying extent welding was 
used. This is shown very clearly in the 
SS1 wagon whereon the weight was re- 
duced by 18 % because of the very large 


proportion that can be welded. 


b) Improved running of goods wagons. 


The present goods train speeds are 
as a rule 55 km. (34.2 miles) an hour for 
local trains, 69 km. (37.3 miles) for 
through trains and 65 km. (40.4 miles) 
for accelerated trains (both local and 
through). The different types of wagons 


are still quite satisfactory for these 
speeds. 


Occasionally, however, these wagons 
are used to carry very urgent traffic and 
have to be attached to passenger trains 
the speed of which has been raised re- 
cently to 85 and 90 km. (52.8 and 56 
miles) an hour. For such speeds new 
wagons had to be designed, and these 
wagons have been given the supplemen- 
tary prefix S. Higher passenger train- 
speeds mean that the goods trains will 
have to give way to them more frequent- 
ly and lose time. To meet this difficulty, 
the running qualities of the goods wagons 
have been improved so as to allow the 
speed of the local and through trains to 
be raised to 65 km. (40.4 miles), and that 
of the express goods trains to 75 km. 
(46.6 miles) an hour. In addition, steps 
are being taken to improve the running 
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of the wagons with partitions (V) and 
the stanchion-sided wagons (R) so that 
they can run at 90 km. (56 miles) an 
hour. 

For passenger train working, the 
covered wagons are the first to consider. 
As the G1 wagon with its 7-m. (22/ 
11 5/8”) wheel base is the most suitable 
for development into a vehicle for fast 
trains, the Grunewald rolling stock test- 
ing station submitted such wagons to 
very full tests. It has been found that 
by increasing the wheel base to 7.70 m. 
(25’ 3”) and fitting new 9-plate lamin- 
ated springs 180 m. (5’ 10 7/8”) long 
Sine 020 wom, Ss WG tan, (4b 2djo2 
< 5/8’) section plates and 145 mm. 
(5 45/647) long shackles, the altered 
wagons run steadily, whether loaded or 
empty, at 90 km. (56 miles) an hour. 

A start was made by building 650 
rivetted wagons which, except for the 
new running gear, slightly stronger 
spring gear, and longer wheelbase, were 
identical with the Gl. As they were in- 
tended for passenger-train service, they 
were fitted with steam-heating pipes and 
the passenger train brake (KKP), and at 
a later date, with 32-ton encased ring 
spring buffers. Owing to their large 
wheelbase, these G1hs rivetted wa- 


Fig. 4. — 15-ton (Glhs) welded St. 52 steel 
covered wagon for fast trains (90 km. == 
56 miles an hour), with 7-m. (22/ 11. 5/8//) 
wheel base. 
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gons usually have to be moved several 
times when they have to be weighed, as 
about 80 % of the Reichsbahn’s weigh- 
bridges are only 7.50 m. (24’ 7 1/4”) 
long; the result is a loss of time. 

Further tests were made to see if the 
old wheel base of 7 m. (22’ 11 5/8”) of 
the Gi wagons could be retained; good 
results were obtained by reducing the 
overhang at each end by 1 m. (3’ 3 3/8”). 
The resulting vehicle formed a new class, 
intermediate in size between the G and 
Gl wagons. 

The wagons are welded (fig. 4). The 
floor area is 24.20 m2 (260.4 sq. ft.). 
The running gear is the same as on the 


Fig. 5. 
wagon (GGhs) for fast trains. 


— High-capacity welded covered 


welded G.l.h.s. wagons, except that pres- 
sed steed axle guards 16 mm. (5/8’) 
thick, and high enough to be used for the 
Russian traffic were fitted. This wagon, 
also fitted with the K K P brake and 32- 
ton encased ring spring buffers, will 
probably be the goods wagon of the 
future. : 
For use on express trains running at 
speeds of 120 km. (75 miles) and over, 
8-wheeled covered goods wagons have 
been built. These are the GGhs (fig. 5) 
wagons and are also welded. They have 
a floor area of 41.70 m2? (448.8 sq. ft.) 
with a total length over buffers of 
17.60 m. (57’ 9’). The weight empty is 
22.5 t. (22.2 Engl. tons) and the load is 
ey iy TGS! all, Toms), Whee BD aa, 


a 
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(6’ 6 3/4’) wide sliding doors are pro- 
vided on each side to facilitate loading. 
Only 3 such wagons have been built so 
far, one with a steel roof, and it is not 
proposed at present to increase the num- 
ber. 

The experience obtained with the Glhs 
and GGhs goods wagons for fast trains 
has been applied to the other goods wa- 
gons. For example, the Glt (fig. 6) wa- 


Fig. 6. — 15-ton end-door (Glt) high-capacity 


covered wagon-with 1.80 m. (5’ 10 7/8”) 


long springs. 
gons have been fitted with the new run- 
ning gear with 1.80 m. (5’ 10 7/8’) long 
springs. Owing to the softness of this 
spring (22 mm. = 0.87” per ton deflec- 
tion) which enables these wagons to run 
over rail joints without shock, the load 
has had to be reduced from 17.5 to 
ig 7out. (le2%to, loioeuEngl tons), asian 
-the Glhs wagons. There was no objection 
to doing this, as with the class of goods 
carried in the Glt wagons there is no 
advantage in having so wide a margin 
between the usual load and the maximum 
the wagon will carry. 

The other 15-ton wagons, however, are 
often loaded up to capacity both for 
complete wagon loads and for parcels 
traffic. Any reduction in capacity would 
be a disadvantage as it would be neces- 
sary to take special care not to exceed 
the allowed load. For this reason the 
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old load of 17.5. t. has been retained and 
these wagons are fitted with a 1.65-m. 
(5’ 5’) spring with a deflection of 
17 mm. (11/16”) per ton. Figure 7 shows 
the R wagon with these springs. In the 
same way, the Om wagon which has a 
maximum axle load of 21 t. (20.7 Engl. 
tons) has been fitted with springs 1.50 m. 
(47 11”) long with a deflection of 
12.5 mm. (0.49) per ton. This means 
there are now three lengths of spring, 
iSO tme (1007/3 isele6 om (5795'S) and 
1.50 m. (4’ 11’). All wagons fitted with 
these new springs have shackles and rol- 
lers. They are also fitted with 16 mm. 
(5/8) thick pressed steel axle guards. 


3. — Developments in special wagons. 


Much progress has been made in weld- 
ing large-capacity hopper wagons. A 
start was made by welding 2 large coke 
wagons, belonging to a class of rivetted 
wagons built of silicon steel (*). These 
were followed by 4 large-capacity all- 
welded coal wagons built of St. 52 steel, 


1 


Fig. 7. —. 15-ton flat wagon with wood stan- 
chions (R) and 1.650-m. (5’ 5/’) springs. 


which had been adopted in the mean- 
time. Improvements in the large rivetted 
hopper coal wagons had in course of 


(3) See CuLEMEYER : < Fortschritte hei 
Grossgiiterwagen » (Progress in large capa- 
city wagon design), in Verkehrstechnische Wo- 
che, Nos 2, 3, 4 and 5, 1930. 
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time increased the weight to 21.4 t. (21.1 
Engl. tons) and the original load of 60 t. 
(59 Engl. tons) had had to be reduced 
to 58.6 t. (57.7 Engl. tons). Thanks to 
welding, the dead weight was reduced 
to less than 20 t. (19.7 Engl. tons) so that 
it was possible to again bring the maxi- 
mum load up to 60.73 t. (59.76 Engl. 
tons). In the case of the rivetted wagons, 
special precautions had to be taken 
where difficult to keep the doors tight 
under load and losses had to be prevent- 
ed by using rubber jointing. Though this 
method was found to be effective and 
lasting, the packings cost a good deal to 
fit and the consumption of rubber pipes 
was considerable. The welded doors 
were consequently stiffened by chamfer- 
ed rolled triangular sections applied to 
the inside of the doors. This made the 
special packings unnecessary. In addi- 
tion, owing to the smooth surface of 
these stiffeners, there is no danger of 
the wagon contents sticking to them. 

In recent years, two new types, a coal 


Fig. 8. — 60.73-ton all-welded St. 52 steel. 
8-wheeled coal hopper wagon. 


and sand wagon and a mineral wagon 
have been added to the classes of large- 
capacity wagons. The former is used for 
carrying coal from the Hohenzollern pit 
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in Upper Silesia to the Odertal coke 
ovens at Deschowitz, whence they return 
loaded with sand for the washing plants. 
As shown by figure 7, their general 


Fig. 9. 56.3-ton 8-wheeled high-capacity St. 
52 steel mixed (coal and sand) hopper wa- 
gon with welded bottom doors. 


appearance is like the ordinary large- 
capacity coal wagons but because 
sand tends to bank up rather than 
to slip, the hopper is given an angle 
of 50° Sabthe. top) andelo0 se ateawe 
bottom. Owing to the steeper angle of 
the slope, the top of the hopper is placed 
higher up, and consequently, so as 
not to restrict the outlet, the doors also 
have had to be made deeper. All details 
and sheeting are made heavier than in 
the high-capacity hopper coal wagons, 
as, the wagon is loaded by grabs of 
several tons capacity and is therefore 
subjected to rougher usage. The tare 
weight is 25.7 t. (25.3 Engl. tons), the 
maximum load 56.3 t. (55.4 Engl. tons), 
and the axle load 20 t. (19.7 Engl. tons). 
The triangular space between the hopper 
and the frame is closed in and can be 
heated in winter by portable heaters. 
For this purpose, a number of longitu- 
dinal openings have been cut in the 
lower casing plates, along the centre line 
of the wagons, over which the heaters 
are placed. The cold air enters through 
the central openings where it meets the 
heaters whilst the combustion gases pass 
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down along the hopper face and escape 
through openings against the sole bars. 
The end plates are insulated by Zoste 
mattresses. By heating the wagons in 
this way, the wet sand which frequently 
is mixed with clay is prevented from 
freezing unless the temperature falls be- 
low — 10° C. (14° F.). These vehicles 
belong to the Upper Silesia wagon stock. 

The high-capacity mineral hopper wa- 
gons (fig. 10) differ in many respects 
from the ordinary hopper wagons. The 
same running gear is used, but the body 


Fig. 10. 


discharge plates can be tipped up, the 
springs.and shackles are quite accessible. 
The tare of these wagons is 23 t. (22.6 
Engl. tons) and the maximum load 57 t. 
(56.1 Engl. tons). ; 

The Reichsbahn decided, in 1933, to 
add to its stock some container wagons 
for carrying coal and coke from the Ruhr 
to Nordenham. These materials are for 
export and must not be spoilt by rubbing 
or breaking in transit, if they are to 
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is hoppered; the whole contents can be 
dumped on either side to suit the receiy- 
ing bins at the unloading points. Three 
cross partitions divide the body into four 
compartments, each with a side dis- 
charge door on both sides. There are 


therefore eight trap doors; these doors 
are held shut by camshafts which can be 
operated from each end of the wagon. 
Stepboards and handrails are fitted on 
both sides for the convenience of the 
staff when engaging the doors with the 
As part of the 


latches to close them. 


— 57-ton 8-wheeled mineral hopper wagon. 


remain saleable. The best way of pre- 
venting this is to load them into con- 
tainers which can be lifted off the 
wagons and lowered through the hatches 
into the ships’ hold as this avoids all 
drop. The unloading cranes have a ca- 
pacity of 15 tons. The dimensions of the 
containers correspond to this weight less 
their tare i. e. the coal containers have 
a capacity of 12.2 m3 (15.7 cu. yds.) and 
the coke containers 24 m? (31.4 cu. yds.). 
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The dimensions have been made to suit 
the loading plant. To keep down the 
first cost the container flats have been 
designed to take either 3 coal or 2 coke 
containers. The tare weight is 12.9 t. 
(12.7 Engl. tons) and the maximum load 
27 t. (26.6 Engl. tons). The total weight 
therefore is 40 t. (39.3 Engl. tons), which 
requires two pairs of wheels with a 20 t. 


om 


Fig. 11. — Welded St. 52 steel 4-wheeled coke 


wagon with 24 m3 con- 


tainers. 


(31.4 cu. yards) 


(19.7 Engl. tons) axle load. 80-t. (78.6 
Engl. tons) container flats could not be 
used as many of the collieries served 
are not equipped for loading such wa- 
gons. The solebars and headstocks are 
box girders assembled in such a way as 
to make any special shock-resisting cross 
members unnecessary. The top tlanges 
of the solebars on which the containers 
rest are sloped towards the centre so 
that the components of the transverse 
forces set up tend to keep the containers 


shut. As the hollow box girders are 
strong enough to take any torsional 


forces, they can stand by themselves the 
pressure tending to keep the containers 
shut. The middle of the under frame and 
the brake gear are covered by deflecting 
plates which protect the draw gear and 
brake gear from any water dropping 
from the coal or coke. The containers 
simply rest on the underframe and are 
not specially held down in any way. 
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Tests have shown that even under the 
most violent shocks in shunting, the 
bearing plates of the containers do not 
lift off their supports. 

The refrigerator wagons in turn have 
been much improved in design. By care- 
ful attention to details, by using a very 
efficient and light insulating material 
and by avoiding continuity in the metal 
parts, the weight of the rivetted refri- 
gerator wagons fitted with the K K and 
hand brakes has been reduced to 14 tons 
and the heat loss has been reduced to be- 
tween 0.35 and 0.4 kgr. cal./m?/hour/°C. 
(2.27 tot 2.6 B.T.U. per sq. ft. per hour 
per deg. Fahr.). Particular attention 
has been given to obtain proper cooling 
air circulation. The two transverse ice 
tanks, as shown in figure 12, are sur- 
rounded by a double insulated casing 
which allows the cold air to leave the 
ice tanks at floor level and the warm air 
to circulate back to the tanks at the top 
under the roof. The doors are so located 


ts 
Fig. 


12. — Ice tank with protecting casing 
and moveable gratings open. 
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that the ice tanks can be easily loaded 
and cleaned. For icing the wagons at 
intermediate points, hatches have been 
provided in the sides (see fig. 13). When 
foodstuffs which do not require ice 
cooling are being carried, the ice 
tanks and the casings protecting the 
wagon can be removed easily. Many 
foodstuffs, besides having to be kept 
cool, require thorough ventilation; 
ventilators which can be tightly closed 
are fitted in the roofs and sides. The 
fresh air is drawn over the ice tanks by 
aspirators fitted near the loading door, 
passes over the load from below up- 
wards, and finally escapes through the 
opening in the middle of the roof. The 
hinged side doors are made airtight and 
are locked when shut. 

Special wagons have been built for the 
through conveyance across Germany of 
animals suspected of being infected by 
contagious disease. They are fitted up in 
such a way that while no excrements are 


ie | 


Fig. 13. — Refrigerator milk wagon with hand 
brake and K K power brake. 
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Fig. 14. — 15-ton covered wagon for carrying 
sick animals. 


allowed to drop, the ventilation is not 
interfered with. Figure 14 shows a wa- 
gon for carrying large animals. The ex- 
crements are retained in a metal pan 
covering the whole floor, and are emptied 
through pipes located under the pan and 
leading to the ends of the wagon. These 
pipes are turned up the sides of the 
wagons so that no liquid can escape 
whilst running, and are turned down to 
empty the pan. Ventilating openings are 
made above the edge of the pans and are 
covered with deflecting plates somewhat 
in the form of louvres. The opening is 
covered by a double sliding door on the 
inside of the wagon through which air 
can circulate freely but through which 


neither rain nor excrement can pass. 


For this purpose the guiding plates in the 
door framing are roof-shaped. The out- 
side sliding door cannot be shut until 
the inside one has been. 


[ 621.13, 623. 2 & 669.4 ] 


Nickel steels in railway engineering, 
by L. W. JOHNSON, M. Met. 


(The Railway Gazette.) 


Although wrought iron and, subse- 
quently, carbon steel have in the past 
played their part in the realm of rail- 
way engineering, and are still doing so, 
the intense competition which this par- 
ticular industry has had to face in recent 
years has necessitated the use of higher 
tensile alloy steels in order that better 
performance can be achieved. It may 
be of interest to discuss briefly the 
effect of nickel, and also various other 
alloying elements which are often asso- 
ciated with it, on the properties of steel. 


Effects of nickel. 


Mild steel is a ductile, tough material 
possessing a_ relatively low tensile 
strength. If it is necessary to increase 
its strength the simplest method is to 
add carbon, which is both cheap and 
efficacious. Certain drawbacks, how- 
ever, arise from the addition of carbon, 
for, while the tensile strength or hard- 
ness is increased, there is a correspond- 
ing reduction in the ductility and tough- 
ness, so that in the higher carbon ranges 
it will be found that a moderately high 
tensile strength is associated with in- 
ferior toughness and, in certain cases, 
brittleness. It is in such circumstances 
that nickel is beneficial because when 
added to steel it simultaneously refines, 
strengthens, and toughens the iron or 
ferrite constituent, in which it is enti- 
rely dissolved. It will be found, there- 
fore, that a nickel steel, compared with 
a corresponding carbon steel, will al- 
ways be tougher for the same tensile 
strength, or, alternatively, for the same 
toughness will be found to be stronger. 


This difference is further accentuated 


by heat-treatment as will be seen 
from Table I, due to Brearly. Here 


is shown the effect of hardening and 
tempering two steels identical in chem- 
ical composition with the exception of 
the nickel content, so that they possessed 
the same tensile strength. The difference 
in the toughness is clearly demonstrated 
by the impact test figures obtained. 


TABLE I, — Mechanical properties of a 
nickel steel and a plain carbon steel heat- 


treated to give the same maximum stress. 


oe Carbon | Nickel 
steel. steel. 
| Chemical composition, per 
cent. : 
Carbon 0.33 0.33 
Silicon 0.15 0 18 
Manganese . 0.68 0.63 
Nickel oe 3.28 
| Mechanical pruperties har- 
| dened and tempered : 
Yield point, tons per sq. in. 43.2 
Maximum stress, tons per 
SQsils ape 52.8 52.9 
| Elongation, per cent, 16.0 25.0 
| Reduction of area,p cent. | 43.2 64.9 
| Izod impact, ft.-lb. 10, 44 | 100, 104 


— 


It is well known that in order to har- 
den steel it is necessary to cool it at 
a rate which is greater than the rate at 
which transformation from one state to 
another takes place at the hardening 
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Fig. 1. — Steam and exhaust cams, levers and gears in the R. C. poppet valve equipment of 
the L. N. E, R. « Hunt » class locomotives aremade of nickel-chromium case-hardening steel. 


temperature. In the case of carbon 
steels, this transformation occurs very 
rapidly, and consequently drastic 
quenching has to be employed. This 
obviously favours the setting up of high 
internal stress, with the consequent 
danger of the formation of cracks and 
the production of distortion. Moreover 
it will also be clear that, owing to the 
relatively low thermal conductivity of 
steel, in the case of large sections the 
rate of cooling from the outside to the 
centre will progressively decrease, so 
that in the internal portions the bene- 
ficial effect of heat-treatment will not 
be realised. In actual practice in the 
case of ordinary carbon steels, the bene- 
ficial effect will be found to be pro- 
duced right to the centre of bars only 
of about 1 1/8 in. diameter and less. 
This failure to obtain full quenching 
right through to the centre of large sec- 
tions is known as « mass effect ». 
Nickel, either alone or in association 
-with other elements such as chromium 
or molybdenum, has been found bene- 
ficial in this respect, because nickel has 
the important advantage that it not only 
Jowers the temperature at which trans- 
formation takes place, but also renders 
the rate of change much slower, so that 
a less drastic quenching medium, such 
as oil, can be substituted for water. By 


VIlI—7 


increasing the amounts of the alloying 
elements, the rate can be further slowed 
down so that hardening in air will be 
found sufficient. This means that be- 
sides eliminating « mass effect », the 
use of nickel also makes possible the 
elimination of cracking and distortion. 


Nickel also has the capacity for res- 
training grain growth during heating, 
which, in the case of carbon steels, is 
sufficiently excessive to result in em- 
brittlement of the steel. The restraining 
influence of nickel means that a wider 
latitude of quenching temperature can 
be allowed without the risk of a varia- 
tion in properties, especially important 
in the case of large forgings, where it 
may be difficult to ensure an absolutely 
even temperature over the whole of a 
rather large furnace. The same effect is 
also of importance in connection with 
case-hardening steels, as the employment 
ofa 3 % nickel steel enables the two 
water-quenches from 900° C. and 780° C., 
necessary for carbon steel, to be re- 
placed by a single oil quench from 
760° C. 


Range of nickel steels. 


Nickel, either alone or in conjunction 
with chromium and molybdenum, pro- 
duces a range of steels which have an 
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35], NICKEL (7X) 
i Ij NICKEL (7W) 
° 
2 
: 4b NICKEL (77) 
5 2°/, NICKEL (5G) 
< 
> 
fe) 
° SILICON (SE) 
025 ZCARBON (7u) 
MANGANESE (8R) 
RIMMING (8V) 
“SCREW STOCK (7¥} 
60 600 
ae 
Z g AGEING TEMPERATURE “fF 
Ssinkc 
a fs 
< 9 
Composition of the steels tested. | 
Lot Chemical composition, = 
No. per cent. 
j 
C Mn Si 12 S) Ni Al 
TV Ons 0.64 0.07 0.094 0.129 
TU 0.25 0.38 Ont 0.010 0.0381 ane 
8V O22 0.34 0.04 0.015 0.025 0.007 
SE 0.27 0.62 0.20 0.027 0.040 0.009 
SR” | 0.26> | (0.85. | 9 0:24" ill (02032 020 tia. KO 009 | 
TW 0.16 0.44 0.22 0.010 0.029 1.44 0.009 i 
5G 0.19 0.67 0.24 0.018 0.024 als} 0.018 
7X | 0.45 | 0.52 | 0.26 + hes 3 46 | 0.008 
aya 0.15 0.58 0.24 0.019 0.040 4.72 0.008 
Fig. 2. — Effect of « ageing » on the impact values of carbon and nickel steels. Steels 
stretched 5 % at atmospheric temperatures and then reheated for one hour at specified | 
temperatures. Note position of nickel steels at top of chart. 
exceptionally wide application and will per sq. in. again coupled with good| 
provide tensile strengths up to 120 tons toughness. 
per sq. in. and over, accompanied by Whilst the 3 % nickel steel is the most 
good toughness and ductility. It will extensively used of alloy steels, because? 


also provide case-hardening steels hay- 
ing core strengths as high as 90 tons 


of its excellent all-round properties, nic-- 
kel in lower percentages is also bene-- 
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Class « C » Alloy 
ss steel steel 
rod. rod. 
Piston load. . a easelb: 34 600 34 600 
Unit stress, small end . . Ib. per sq. in. 6 000 8 460 
WOancal Sie 6 BT 6 6 a 2 » 6 325 9 140 
Horizontal stress . . ” 6 780 10 450 
Inertia stress at wheel- ‘diameter seal 
lb. per sq. in. 9 950 9 650 
Vertical stress at wheel-diameter speed. 
lb. per sq. in. 3 150 2 050 
Combined inertia and vertical stress. 
lb. per sq. in. 413 100 44 700 
Saving in weight over Class « C » steel rod, 
per cent. 30 
Fig. 3. — Comparison of Class « C > and alloy steel rods, showing 


by use of latter. 
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saving in weight effected 
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ticial for certain purposes. For instance 
the 0.4 % carbon steel, when used in 
either the normalised or hardened and 
tempered condition, has been found to 
give rather variable Izod values, and 
the addition of about 1 % of nickel was 
found to produce consistency, not only 
in the impact value, but also in the yield 
point. The addition of from 1/2 % to 


1 % of nickel has also been found ad-. 


vantageous in a similar manner in the 
case of certain semi-alloy steels when 
they are used in large sections. 

A further use of nickel has been dis- 
covered as a result of research in con- 
nection with copper constructional 
steels. The presence of copper, espe- 
cially when greater than about 0.5 %, 
may result in surface cracking during 
hot working, but this can be prevented 
by the addition of small amounts of 
nickel (at least a half that of the cop- 
per content is recommended). 


Boilers. 


The present tendency towards the 
use of higher boiler pressures has caused 
the designer to look for other steels than 
the mild steel boiler plate, since it is 
not always possible to permit the extra 
weight which would be entailed if ordi- 
nary steel were used. For this reason 
the Canadian Pacific Railway adopted 
nickel steel boiler plate in 1926 in order 
to increase the boiler pressure by 25 % 
without any increase in weight. The 
factor of safety proved actually higher 
than before, and since then the use of 
such steel has extended to many other 
railways. ‘The London Midland & Scot- 
tish Railway has built and is building 
a very large number of locomotives fit- 
ted with boilers in a nickel steel of 
which Table IJ gives particulars. 

In Great Britain firebox plates are al- 
most universally made of copper, but in 
localities where it is the practice to use 
steel, it is usual to keep the carbon con- 
tent below 0.15 % and to fix a minimum 
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TABLE II. — London Midland & Scottish 
Railway Specification for acid nickel-steel 
boiler plates. 


Chemical composition : Per cent. 
Carbon .| 0.20 to 0.25 
Silicon pete. 5 EO 10 rae 
Manganese hs, 2. SeeO SO rem’ 
Sulphur Sy See 
Phosphorus 0.04 
Nickel 415, 109250 

Mechanical properties ; 

Maximum stress, tons persq.in. 34 to 38 
Yield point, per cent. of M.S.) 50 
Elongation, per cent. . . .| 22 to 24 


Reducticn of area, per cent. | 50 


Bend test : Bent 180° round a pin twice the 
thickness of the plate. 


Physical proporties obtained Pe, 


cross-test of \/,_ in. plate :| A | B 
Yield point, tons per sq. in.| 21.5 | 22.2 
Maximum stress, tons persq.in.| 34.4 | 35.2 
Hlongation, per cent. on 8 in.| 24.5 | 22.2 
Reduction of area, per cent.) 54.0 | 53.0 


nickel content of 2.0 %. The particulars 
given in Table ILI, for which the author 
is indebted to Colvilles Limited, indi- 
cate typical properties obtained from a 
steel containing 0.12 % carbon and 
2.37 % nickel. 


TABLE III. — Properties of acid nickel-steel 
firebox plates. 


Specified physical properties : 


Maximum stress, tons per sq. in., min, 29 
Yield point, per cent. of M.S. . .| 50 
Elongation, per cent. on 8 in., min. . 20 
Reduction of area, per cent. . . . 50 


Bend test : Bent 180° round a pin twice the 
thickness of the plate. 


3/g-in. | 1/o-in, 

Physical properties obtained : | plate. | plate. 
Yield point, tons per sq. in.| 20.8 | 18.4 
Maximum stress, tons persq.in.| 30.3 | 30.0 
Elongation, per cent. on 8 in.| 27.0 | 30.0 
Reduction of area, per cent.) 59.5 | 64.4 
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The original choice of nickel steel for 
boilers was based not only on its in- 
creased tensile strength but also on the 
fact that an increase in nickel conten. 
in low carbon steels reduces ageing 
embrittlement as shown by the impact or 
slow bend tests on notched bars (see 
ageing diagram), reduces the grain size 
which can develop on recrystallisation, 
and raises the temperature at which 
grain markings of maximum intensity 
are observed in strain-etch tests (*). 


TABLE IV. — Typical tests of nickel-steel 
beiler plates. 


Great 
Western 
Railway. 


Bengal- 
Nagpur 
Railway. 
SS SS SE 2 RE EEC oy 
Per cent.|:Per cent. 
0.32 
0.078 
0.75 
0.027 
0.028 
1.99 


Carbon 
Silicon 
Manganese . 
Sulphur . 
Phosphorus . 
Nickel 


Normalised at 900° C.: 


Maximum stress, tons 
per sq. in. 


Elongation, per cent. 
on 8 in. 


22 to 25 


Both copper and Monel metal are lar- 
gely employed for staybolts, but in cases 
where steel is favoured a nickel steel 
is also being used owing to its inherent 
toughness and ductility. Table V gives 
details of this particular type of steel, 
which incidentally is a good substitute 
for wrought iron in many applications. 

It may be mentioned that this steel can 
be obtained in the form of hollow rolled 
bars, the centre hole being made by 
rolling with an austenitic steel core. This 
results in a very smooth, central round 


(*) « Nickel Steels Resist Embrittlement >, 
by H. J. Frencnu and C. M. Scuwirter, [ron 
Age, July 14, 1932. 
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TABLE V. — Nickel steel for staybolts. 


Chemical composition : Per cent 
Carbon, max. . + 6 9 ol) 5s 
WEEE 5 5 5 9 9 6 op Use ito @ncks | 
Rubin ieee 5 sg oP aay! 
Phosphorus) max at ec lO. 02 
Nickel, min. al 2.0 | 

| 
Water 
Hot quenched | 


rolled and 


“| tempered. 


Minimum physical properties : 


Yield point, tons per sq. in.| 15.5 | 20.0 
Maximum stress, tons persq.in.| 21.5 | 26.0 
Elongation, per cent. on 8 in.| 30 22 
Reduction of area, per cent.| 65 68 
Poh WE, Tel, 3 6 6 all a0 90 


hole and thus reduces the chances of 
failure by fatigue formerly associated 
with the small imperfections found on 
the bore when sand or copper was used 
in the rolling operation. 

In recent years there has been a dis- 
tinct trend towards the use of alloy 
steels for reciprocating parts such as 
connecting and coupling rods, because 
the reduction in weight which can be 
achieved results in a reduction of the 
inertia stresses; furthermore the smaller 
balance weights required ensure a re- 
duction in the hammer blow and the 
unsprung mass. The practice in this 
country has been to adopt nickel-chro- 
mium or nickel-chromium-molybdenum 
steel with a tensile strength varying 
from about 50 to 70 tons per sq. in. ac- 
cording to the particular requirements. 
Typical examples will be seen in Ta- 
ble VIP 

The use of this type of steel makes 
possible a saving in weight of up to 
35 % or more when compared with the 
standard Class C (**) carbon steel. The 
effect of this economy in decreasing the 
combined inertia and vertical stress 


———} 


(**) Tensile strength, 32 to 38 tons per 


sq. in. 
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TABLE VI. — Typical tests of locomotive connecting rods. 


a ae a 


London : Bengal- 
& North Southern Nagpur 
rn Hastern Ry. Railway. 
Ry. 
EE ae 
Per cent. Per cent. | Per cent. 
COuVasOyIP sg: 4 Be 6 o 6. 6 0.225 0.3 to 0.33 | oe 
Manganese. A 0.65 0.6 Gee 
Nickel . 2.42 Pole 3.3 
Chromium 0.62 0.6 0.68 
Molybdenum . 0.37 0.6 $05 
‘ London & North Southern Ry. pie eae 
at-tr ont. Hastern Ry. , emper ; 
Sie ce Oil rene and tempered. | Oil quench and tempered. /2 hr, and0.Q. 
Se anal 
Specified. Actual. Specified. Actual. 
Yield point, tons per sq. in. 40 min. 44.0 50 to 60 57.6 31.2 
Max. stress, tons per sq. in. 80 » 54.0 60 » 70 65.0 52 
Elongation, per cent. 18 » 22.5 17.5 min. 22 24 
Reduction of area, per cent. Hep 63.6 300) 62 ae) 
| Izod ee aes ft.-lb. ane side 40 min. 62 35% 
Bend : 3 180 deg. 180 deg. oni a 
around 41/21n. sound 
diam.’ bar ‘ 
att 


which can be obtained is well demons- 
trated by the illustration (*) which com- 
pares equivalent rods in Class C steel 
and 50 to 60-ton alloy steel. 

In America tensile strength has been 
increased by adding nickel rather than 
by increasing the carbon, owing to the 


fact that the latter element lowers the 
toughness whereas with the former it 
is still retained or increased with a si- 
multaneous increase in elastic proper- 
ties. Large forgings are usually nor- 
malised to refine the structure and then 
tempered at a high temperature in or- 
der to remove internal stress. This type 
of steel is also successfully used in the 
heat-treated condition 


for such com- 
ponents as driving axles, the centre 
crank pin on _ three-cylinder locomo- 


tives, and piston rods. 


Table VII gives 
details of this steel. 


(*) Due to B. Rerp, « Alloy Steels in Lo- 
comotive Practice >», Mechanical World and 
Engineering Record, June 12, 1931, p. 562. 


TABLE VII 
Chemical composition : Per cent. 
Carbon OncmtonOned 
Silicon 0.15 » 0.35 
Manganese x ae 0:75 » 0.95 
Slo, TNE, 5 3g . 0.045 
Phosphorus, max. . 0.045 
Nickel 2.5 to 3.0 
| Main rod |Crank axle 
Typical test Tby 9 in.|pin 10 Ue 
taken from centre normali- |!7;,@14™-5 
of forgines : oil-quen- 
or sed and | ched and 
tempered.| tempered. 
Per cent.| Per cent. 
Carbon 0.25 (0) 725) 
Manganese . 0.84 0.88 
Nickel : 2.65 2.63 
Yield point, tons per sq. 
Liege 29.0 33.7 
Maximum — stress, tons 
per sq. : 38.2 42.9 
Blea ation: per cent, on . 
7 vhin, 33.0 29.0 
Reduction of area, per 
cent. 69.5 59.0 
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Crank axles. 


There still appears to be a difference 
of opinion as to the most satisfactory 
type of material for crank axles, steels 
varying in tensile strength from about 
28 up to about 50 tons per sq. in. being 
used. In this connection it is of interest 
to note that in the days of the old Mid- 
land Railway it was found that a mild 
carbon steel having a tensile strength of 
at least 28 to 32 tons per sq. in., and 


Fig. 4. — Locomotive driving wheels mounted 
on a 5 % nickel steel axle. 


a maximum carbon content of about 
0.25 %, gave the longest life. In other 
words, in order to cope with the variable 
shock loading to which a crank axle 
is subjected, it was found advantageous 
to obtain as ductile and tough a ma- 
terial as possible, consistent with suit- 
able strength. Assuming that in certain 
cases it may be necessary to increase the 
tensile strength of a steel for a crank 
axle, and taking the findings of the old 
Midland Railway as a basis, it will be 
obvious that the higher tensile steel must 
still be tough and, as we have seen pre- 
viously, this can most readily be achiev- 
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ed by the addition of nickel. Actually 
certain Continental railways such as the 
Bulgarian and Rumanian State Railways 
and the Austrian Federal Railways, have 
adopted as standard 5 % nickel steel 
having a tensile strength of 38 to 40 
tons per sq. in., and a minimum elong- 
eaten (yr als) Ye Oia) toy mim, (()), 


Frames. 


In Great Britain, mild steel plate is 
the usual material of construction for 
locomotive frames, but in those cases 
where it is necessary to save weight, the 
2 % nickel steel mentioned above for 
boilers will be found to be suitable. 

In North America, where cast steel 
frames are more generally favoured, the 
Canadian Pacific Railway (**) some 
few years ago carried out a very careful 
investigation into the most suitable ma- 
terial for locomotive frame castings 
which would possess a moderate tensile 
strength, coupled with a high degree of 
ductility and toughness, especially at the 
low temperatures at which locomotives 
in Canada are occasionally operated. 
Their choice finally fell on to a 2 % 
nickel steel of which the following com- 
position is typical : 


Per cent 
Carbon . 0.14 
Manganese 0.69 
INMOkell 4 5 5 Al) 


and the average of 2 650 tests taken over 
four years showed the following pro- 
perties : 


Per cent. 
Yield point, tons per sq. in. 22.25 
Maximum stress, tons per sq. in. 36.3 


30.3 


Elongation, per cent 
61.2 


Reduction of area, per cent. 


(*) « Locomotive Crank Axles >, by F. L. 
Baxter, Engineer, June 29, 1935, pp. 646-8. — 
See also Bulletin of the Railway Congress, 
February 1935, p. 257. 

(**) « Selecting Alloy Steels for Locomo- 
tive Frames », by W. A. Newmann and C. F. 
Pasco, Iron Age, January 14 and 18, 1932, 
pp. 172-5 and 284-300, 
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A series of Izod impact tests on pieces 
cut longitudinally, transversely, and ver- 
tically from the outside and centre of 
a test piece measuring 6 in. by 6 in. 
by 24 in. and cast integrally with the 


Fig. 5. — Beams drawn to scale with the 
same moment of inertia. Box girder 
(0.012 in. side webs and 0.05 in. chord 
strips) of welded 18/8 chromium-nickel 


stainless steel strip, weighs 38 % of 
5-in. (10 lb. per ft.) structural steel I 


beam. Will carry 50 % greater bend- 
ing moment when using factors of sa- 
fety of 6 and 4 respectively, and has 
tensile strength 2 1/2 times as great. 


TESTING 
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locomotive frame, averaged 60 ft.-lb. The 
heat-treatment given to the castings con- 
sisted of homogenising at 980° C. follow- 
ed by normalising at 760° C., sometimes 
followed by tempering at 540° C. to 
650° C. 

Incidentally, it was pointed out by 
the authors that if any welding is to be 
done it is necessary to keep the man- 
ganese content well below 1.0 % in order 
to avoid any tendency to produce local 
hardening. 

Corrosion-resisting and heat-resisting 
nickel-chromium steels are finding ex- 
tensive application on locomotives for 
such parts as clothing belts, whistle 
components, fire-doors and _ deflector 
plates. While ordinary carbon steel 
castings are generally used for the loco- 
motive drivers, mention may be made 
of a recent change by the Pennsylvania 
Railroad which, in order to reduce to 
a minimum any chances of spoke failure 
by shock or fatigue, is using both a 
1 1/2 % nickel-molybdenum and 
1 1/2 % nickel-vanadium steel. Either 


asia Safar aa ae Ls 
pS De Ss) 
Fig. 6. — Results of test on Vibrac 2 1/2 % nickel-chromium-molybdenum steel link and 
pin coupling. 
of these will give the following mini- Rolling stock uses. 


mum properties : 


Yield point, tons per sq. in. 24.5 
Maximum stress, tons per sq. in. 38 
Hlongation, per cent... . . 22 
Reduction of area, per cent. . . 40 


On actual test pieces taken from cast- 
ings these properties were easily ob- 
tained and impact tests gave values of 
from 30 to 35 ft.-lb. 


Couplings. — A 3 % nickel-chromium 
or nickel-chromium-molybdenum - steel 
is often used for screw couplings, the 
tensile strength varying between 50 and 
70 tons per sq. in., according to the par- 
ticular requirements. The advantage of 
this type of material is two-fold: in 
the first place a lighter coupling, which 
greatly facilitates handling, can be used, 
and in the second place, owing to the 
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— Railway axles 


high tensile strength, the threads do not 
distort and consequently jam, as has 
been found to happen when wrought 
iron or mild steel is employed. In Table 
VIII will be found particulars of a test 
carried out on a_nickel-chromium-mo- 
lybdenum steel screw coupling showing 
the movement and set when subjected 
to varying loads. The composition of the 
steel in question was as follows : 


Per cent. 

Carbon 0.36 
Silicon. 0.23 
Manganese 0.36 
Sulphur 0.012 
Phosphorus . 0.017 
Nickel. . a BS) 
(Giwzcowiven 4 . 4 OG 
Molybdenum 0.22 


The steel was hardened and tempered 
to produce a maximum stress of 62 to 
72 tons per sq. in., with an elongation 
per cent. on 2 in. of 20 to 15, and a yield 
ratio of 85 %. For those who prefer the 
knuckle type of coupling, a nickel- 
chromium steel casting is most suitable, 
since it provides, after a simple normal- 
ising operation, a moderately high ten- 
sile strength, together with good ducti- 
lity. For example, the Chicago Steel 
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in nickel-molybdenum steel. 


Foundry Company has developed a steel 
known as Evansteel, of which the fol- 
lowing composition is typical : 


Per cent 
Carbon Oto Oe 
Nickel . OM SGom l=) 
Chromium 0.75 to 0.95 


This is used for the knuckles of Pull- 
man cars, and the following properties 
are obtained : 

Yield point, tons per sq. in. 27 to 31 
Maximum stress, tons per sq. in.. 42 to 51 


Rlongation, per cent ss 0. se 6. 24 
Reduction of area, per cent 35 to 45 


In bending tests which were carried 
out on the actual components it was 
found that the nickel-chromium steel 
knuckle had a deflection of 0.68 in. at 
a load of 29.5 tons, whereas a carbon 
steel knuckle casting had a deflection 
of 0.7 in. at a load of 23 tons; the res- 
pective weights of the nickel-chromium 


and carbon steel castings were 25 and 
29 1b. 


Miscellaneous. — Whilst with modern 
fast trains very large saving in weight 
may not be desirable, owing to the better 
riding comfort which is obtained with 
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heavier coaches, it is more than pro- 
bable that in the near future, when very 
high speeds are the rule rather than the 
exception, greater attention may have to 
be paid to decreasing the weight of such 
trains. In this respect attention may be 
drawn to the very large saving in weight 
which can be effected by using corro- 
sion-resisting nickel-chromium steel for 
the passenger coaches. 

Such steels are also being increasingly 
used for various decorative features as 
well as for door handles and the like, 
since, owing to their excellent corro- 
sion-resistance, it is necessary to clean 
only occasionally by using soap and 
water, thereby effecting considerable 
economies in upkeep. 

Nickel alloy steel castings have not 
only been found to be beneficial in the 
case of the couplings mentioned above, 
but also in saving weight in the side 
frames and bolsters of bogies, the use of 
either nickel-manganese or nickel-chro- 
mium steels being favoured for this pur- 
pose. Mention may also be made of the 
beneficial effect which has been found 
by small additions of nickel of the order 
of 0.5 to 1.0 % to 1.0 % manganese steel 
castings, more consistent mechanical 
properties and better founding proper- 
ties being secured. 

Brief mention may also here be made 
of the excellent range of nickel alloy 
steels (*) which is available for such 
purposes as the design of transmission 
gearing of diesel engine cars. 


(*) These steels are referred to in publi- 
eations AA2, AA4, and All, issued free by 
the Bureau of Information on Nickel, Thames 
House, London. S.W.1. 
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The demand for increased performance. 


Whilst the whole subject of railway 
engineering is obviously too extensive 
to cover adequately within the scope of 
one. publication, it is hoped that suffi- 
cient examples have been given to show 
that nickel alloy steels, by their excellent 


Fig. 8. — « Duratlas » nickel-chromium-mo- 
lybdenum steel connecting rods after heat- 
treatment, 


range of physical properties, will still 
further enable railway engineers to over- 
come problems with which they may be 
faced in the future owing to the general 
demand for increased performance. 


[ 628. 143.4 | 


Long welded rails. 


(The Railway Gazette.) 


Eliminating the rail joint. 


Rail joints are the bane of the perma- 
nent way engineer’s life. He has to 
maintain them in such a condition as to 
minimise both rail wear and the manual 
work involved in avoiding dipped rail 
ends. The longer the rails that can be 
laid, the fewer the joints, and the less 
their initial cost and the expense of their 
upkeep. Experiments are therefore being 
made with the object of finding out the 
maximum length of rail it is practicable 
to use. Already it has been established 
to the satisfaction of many railway en- 
gineers that the longest rail which can 
conveniently be rolled may be safely 
used. So far this maximum length may be 
taken as 30 m. (98 ft. 5 in.), which is now 
a standard rail length rolled in Germany. 
Practically all main line relaying in that 
country is now done with 30-m. rails. 
In Belgium too the longest rails the mills 
can turn out are used, and these vary, 
according to the equipment of the mills, 
up to about 30 m. France is using 24-m. 
(78 ft. 9 in.) rails, and in Great Britain 
90-ft. rails have been rolled and laid 
under exceptional conditions and expe- 
rimentally. Beyond these lengths, end- 
to-end welding has to be adopted, and, 
in reconditioning main lines in Germany 
which do not require relaying, the for- 
mer standard 15-m. rails are welded 
together to form 30-m. lengths. This 
practice was begun in 1927 on an ex- 
tensive scale, after several years of 
experiment. When the suburban line 
connecting Berlin with Wannsee, 11 1/2 
miles out, was electrified in 1933 it was 
relaid with 60-m. rails, two 30-m. lengths 
being joined end to end by the flash butt 
resistance method. Some years earlier, 
about 1929, experimental lengths of 60 


m., 75 m., and 120 m. (393 ft. 8 in.) were 
welded up near Jungfernheide on the 
Hamburg line a few miles from the 
Lehrte terminus in Berlin. Longer con- 
tinuously welded lengths of line are in 
existence in certain tunnels and on 
bridges in Germany, and elaborate ex- 
pansion joints have been provided at 
their ends. 

Most, if not all, of these welded 
lengths in Germany are of the latest stan- 
dard type of Reichsbahn permanent way. 
The rails are flat-bottomed, weighing up 
to 49 ker. per m. (98 lb. per yard), and 
are held in steel soleplates by means of 
bolts and nuts with spring washers, on 
the Geo system, the soleplates being fixed 
independently to wooden sleepers by 
four coach screws and to steel sleepers 
usually by welding. Between the foot of 
the rail and the soleplate there is a com- 
pressed poplar (or other hardwood) 
slip, the purpose of which is to soften 
the riding as well as to resist creep. In 
special cases rail anchors are used in 
addition, e. g., on gradients exceeding 
1 in 200, and where braking normally 
occurs. As a rule six anchors per 30-m. 
rail are used as a preventive of forward 
movement. The effect of these precau- 
tions is to hold the rails so firmly that 
no movement relative to the sleepers can 
occur. The permanent way in every case 
is well drained on a properly sloped 
formation and with ample broken stone 
ballast. The minimum depth of such in 
the middle of the track is about 12 in. 
below the bottom of the sleeper. The 
ballast shoulder extends to 2 ft. beyond 
the end of the sleeper and at that point 
is 2 ft. deep to the formation. Where 
clay is encountered a blanket of sand or 
ashes is laid between the clay and the 
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stone ballast. The sleepers are mechani- 
cally tamped, and it is quite exceptional 
to find one not bearing firmly on its 
bed. In these conditions — and we 
emphasise the qualification — we under- 
stand that no trouble has been expe- 
rienced, at any rate with lengths of rail 
up to 120 m. It will be observed that 
the conditions mentioned are practically 
ideal and extremely unfavourable to any 
tendency of the rails to buckle under a 
rise of temperature when they are not 
free to expand normally. An internal 
compressive stress is consequently set up 
in the rails, which then act as struts. 
Conversely, at low temperatures, when 
contraction cannot occur, there is a 
tensile stress. In the article hereafter we 
describe the M. & L. type of fastening 
used by the Delaware & Hudson Rail- 
road of the U.S.A., which has now adopt- 
ed the policy of eliminating rail joints 
so far as it is physically practicable to 
do so. The experience recorded with 
this type of fastening shows that, as in 
Germany, no relative movement occurs 
between the rails and the sleepers. We 
regard it as of prime importance that, in 
addition to such rigid fastenings, the con- 
dition of the road bed is such as to pro- 
vide uniform and maximum support to 
the sleepers in order that lateral rigidity 
may be secured. Flat-bottomed rails have 
a greater lateral resistance to buckling, 
weight for weight, than bull-headed rails, 
and they are probably more adaptable 
to a firm fixing to the sleeper, although 
with the use of steel keys to hold the 
bull-headed rail to the cast iron chairs 
it has been found that creep can be vir- 
tually eliminated, thus indicating that a 
perfectly firm fixing may be obtained. 
The German extra precaution of using 
rail anchors as well may, however, be a 
wise one. 


Confirmation that facilities for expan- 
sion need not be provided as a safeguard 
against buckling on well maintained and 
firmly fixed track is given by numerous 
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experiences. There was for example the 
well-known 5-mile length of line of the 
Lehigh Valley Railroad laid about six 
years ago in moderate temperature with 
the rails touching, yet which gave no 
trouble through hot summers. The ex- 
perience of the German Railways and the 
Delaware & Hudson has already been 
mentioned, and end-to-end welding has 
now been practised without any ill effect 
and on a considerable scale by the Victo- 
rian and the New South Wales Government 
Railways for the past five or six years. 
On both systems lengths of 225 ft. on 
straight and moderately curved lines are 
used, with decreasing lengths on curves 
sharper than 60 chains radius. Welding 
was first adopted on the electrified lines 
with heavy rails up to 110 lb. per yard, 
normally requiring bonding, but later 
long stretches through tunnels were un- 
dertaken, and by the end of last June, 39 
track miles had been Thermit welded in 
New South Wales, and in Victoria about 
63 miles. In most cases the welding has 
been done in situ or alongside the track 
by the Thermit process, but in Victoria 
7 miles were welded into long lengths at 
the Melbourne depot and travelled con- 
siderable distances to the site. No 
trouble, however, was experienced in the 
transport of the long rails. The Thermit 
system of welding has so far been by far 
the most popular, but other methods have 
more recently been tried with good re- 
sults. The fact that the transport of long 
rails has been shown to present no 
serious difficulties points to the extend- 
ed use of electric flash butt welding for 
new rails. Where it is desired to weld up 
existing rails, and track possessions are 
difficult to arrange for the Thermit pro- 
cess, arc welding has been tried with a 
good deal of success. In Hungary for 
example a new type of arc welding has 
been used on a considerable scale, both 
on the local railways round Budapest 
and on the Royal Hungarian State Rail- 
ways. Are welding is also used success- 
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fully in South Africa and in South Aus- 
tralia. In Austria the Federal Railways 
have recently acquired a resistance weld- 
ing plant for flash butt welding, and 
lengths of rail up to about 60 m. are, we 
understand, being laid in connection 
with extensions of electrification. 

In this country experiments have been 
carried out by our main-line railways 
with lengths up to 420 yards of bull- 
headed track in the open, and even 
longer lengths on the London Under- 
ground lines in tunnel. In the former 
instance the keys were tightened up at 
60° F. and no sign of movement at expan- 
sion gaps at each end have been obsery- 
ed during subsequent cold weather. The 
German practice is to lay long rails only 
in moderate temperatures. In very hot 
weather the work is suspended, nor is it 
carried out when the temperature is 
lower than about 40° F. At the latter 
temperature the gaps allowed are ap- 
proximately 1/2 in. for 60 m. and 1/4 in. 
for 30-m. rails. It should be stated that 
all the long lengths of rail mentioned 
above are in running lines, though not 
always in those carrying the fastest traf- 
fic; and they have, of course, been in 
positions where normally a fairly long 
life is expected, and not where rails have 
to be changed frequently. Relative first 
costs of welded and mechanically jointed 
track vary according to circumstances, 
but there should be a considerable saving 
in maintenance of welded track, provid- 
ed all the proper precautions referred to 
above are taken; and the advantage in 
smoother and quieter running should in 
time become tangible. 


(Editorial, The Railway Gazette.) 


* 
* * 


An American railway to abolish rail joints. 
Precautions to ensure safety. 


By the kindness of the President of the 
Delaware & Hudson Railroad, Mr. L. F. 
Loree, who has sent us a copy of a 
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paper presented, on January 22, to the 
Maintenance of Way Club of Chicago by 
Mr. H. S. Clarke, Maintenance of Way 
Engineer, Delaware & Hudson Railroad, 
we are enabled to give an account of the 
current permanent way practice of that 
company. It may be recalled that in our 
issue of February 15, 1935, we recorded 
the fact that on the Delaware & Hudson 
certain experimental lengths of main line 
track had been welded into continuous 
lengths up to a maximum of 2 700 ft. at 
Albany during the summer of 1935, and 
at Mechanicville in the summer of 1934. 
So successful have these installations 
proved that the Delaware & Hudson Rail- 
road has decided to eliminate rail joints 
altogether so far as is practicable, having 
regard to switches and crossings and 
track circuits. The latest installation, in 


oem 
M. & L. spring clip fastenings. 
dependent fixing of soleplates to sleepers. 


— 131-lb. rail held to soleplates by 
Note in- 


which continuous rail lengths of as much 
as 6 970 ft. have been laid, is near Sche- 
nectady. 

In his paper Mr. Clarke summarised 
the well-known disadvantages of rail 
joints, which, in North America where 
very heavy axle loads are the rule, are 
apt to be a source of greater expense in 
permanent way maintenance than in 
Great Britain. An idea of the impor- 
tance of the rail joint has been given by 
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the Committee on Economics of Railway 
Labour of the A.R.E.A., which in various 
studies estimated that about 45 per cent 
of the labour in track maintenance is 
devoted to keeping the rail joint in 
proper line and level. 


Mr. Clarke regards a rail as like a gas, 
which, if allowed to remain at the same 
pressure, changes in volume in direct re- 
lation to changes in temperature. If, 
however, it is confined so that it cannot 
move or expand it increases its pressure 
with an increase in temperature. Simi- 
larly rails which are free to move may 
expand considerably in summer and 
contract in winter. If the rail, laid in 
moderate weather, is held fixed in posi- 
tion by outward forces such as adequate 
fastenings to the sleepers, ample ballast 
to provide sufficient frictional resistance 
to prevent the sleepers moving, and so 
on, it will subsequently be stressed in- 
ternally, the metal being in tension in 
cold weather and in compression in hot 
weather, but the carrying capacity of the 
rail will not be modified. 


On the Delaware & Hudson, M. & L. 
rail fastenings are used. To a double 
shouldered soleplate secured to the 
sleeper by screw spikes are bolted two 
spring clamps which bear on the base of 
the rail, pressing it down with great 
force, yet allowing a certain amount of 
flexibility necessary for the normal 
wave motion of the rail under the action 
of the rolling loads which it must sup- 
port. The clamps, which replace the 
usual spike for holding the rail in place, 
exert a force of about 2500 Ib. each 
which tends to prevent creep. Since the 
rail-to-soleplate fastening is independent 
of the fastening of the latter to the slee- 
per, each group is free to perform only 
the work it is designed to do, while the 
rail, the soleplate, and the sleeper are 
incorporated into one strong but elastic 
and flexible unit. Both the vertical mo- 
tion of the rail and of the sleeper are 
greatly decreased compared with the 
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old method of fastening, and it has been 
found that this means a lessened pound- 
ing on the ballast structure beneath the 


Fig. 2, — M. & L. type rail fastening details. 


sleeper and a consequent reduction in 
the amount of attention required in 
packing. 

The original installations of M. & L. 
track were laid in winter with the 
standard expansion gaps at the joints. 
The following summer it was noted that 
this rail had not closed up, and in the 
succeeding year the expansion gap was 
halved. Still the rail did not close in hot 
weather, and after that the rail was laid 
tight. In Mr. Clarke’s experience, where 
rail is so fixed, as in M. & L. construc- 
tion, that it cannot expand into an ex- 
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. — 181-lb. rails welded into 1 400-!t. lengths in transit to site of relaying. 
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tended position when heated and cannot 
move in any other way, as, for instance, 
by buckling, it must remain unaltered 
in size, since the external force holding 
it is greater than the compressive stress 
set up by the temperature rise. Alterna- 
tively, it the rail cools below the tem- 
perature at which it is fixed, a tensile 
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stress is created to be resisted by the 
influence which fixed the rail. 

If the tendency of track to buckle un- 
der rises of temperature with long rails 
is still regarded as a danger, Mr. Clarke 
points out that the difficulty can be enti- 
rely eliminated either by allowing the 
track to take its set in its expanded posi- 


Fig. 6. — Finished jointless track 


tion in the extreme hot periods, or by 
welding the track in hot weather. There- 
after the only inherent stress will be a 
tensile stress which will be greater in the 
cold months, but as it is far below the 
elastic limit of the rail steel it will not 
be sufficient to affect the service strength 
of the rail. 

The method of welding so far mostly 
used on the Delaware & Hudson Railroad 
is the Thermit pressure type. This is a 
fusion weld on the base and about half- 
way up the web, the rest of the web and 
the head being a pressure weld. To 
effect this combination weld, the base 
and web of the rails to be joined are cut 
back 1/4 in. with an oxy-acetylene torch 
to a distance of 1 1/2 in. from the under- 
side of the railhead in order to provide 
ample space for the entrance and fusion 
of the Thermit metal with the rail metal. 
The ends of the rails are also cut on a 
bevel from the top backward into the 


VIII—8 


Hudson Railroad. 


n the Delaware & 


rail a distance of 1/32 in. at the base. 
When the rails are set up for welding, 
therefore the heads are in tight contact 
and a gap of 1/2 in. is provided between 
the adjacent webs and bases. 

The rails are first clamped together 
with the ends slightly raised to obtain 
proper line and surface. They are then 
pre-heated with petrol burners, and 
when a temperature of from 1 700° to 
1 800° F. is reached the Thermit, which 
consists of iron oxide, aluminium and 
slag, is ignited. In about 20 seconds, a 
temperature of 5 000° to 5 500° F. being 
reached, the molten metal is poured into 
a mould which has been clamped round 
the rail ends prior to the pre-heating. 
The metal is sufficient to fill the mould 
to about halfway up the web, and the 
slag which results from the reaction fills 
the remainder of the mould over the 
top of the rail. 

The metal round the base and web 
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melts the rail so that the whole becomes 
a molten mass. The slag round the head 
of the rail and the upper part of the web 
raises it to a welding temperature of 
about 2100° F. in about three minutes, 
when the ends are pulled together ap- 
proximately 1/4 in. by drawing up the 
heavy clamps, thus producing the high 
pressure necessary to perfect the butt 
weld. After the two types of welds have 
been made simultaneously the joint is 
stripped of its mould and ground to 
bring the head of the rail, at the point 
which has been upset by the pressure 
weld, to the line and surface of the ad- 
jacent rail. 


In his paper Mr. Clarke mentioned that 
his company had also used to a small 
extent electric flash welding (this pro- 
cess was described in The Railway Ga- 
zette of April 28, 1933). Briefly, this 
method depends on continuous arcing 
between the rail ends. The two ends of 
the rails are fixed in the welding ma- 
chine by clamps connected to the termin- 
als of a low voltage transformer. One of 
the clamps is movable, and the faces are 
brought sufficiently close to form an arc, 
which, about two minutes after starting, 
produces heat sufficient for welding. 
The faces are then brought together un- 
der a heavy pressure which squeezes out 
ali the metal that is molten and the weld 
is made. This method, unlike Thermit 
welding, is not practicable in the track, 
and in the Delaware & Hudson experi- 
ment 39-ft. rails were welded in lengths 
of three at the General Electric Compa- 
ny’s works at Schenectady and transport- 
ed to the track where they were further 
joined into long lengths with Thermit 
welds. The most remarkable installa- 
tions to date of long welded rails on the 
Delaware & Hudson consist of four con- 
tinuous rail lengths, two 6970 ft. long 
and two 4 435 ft. long. They were weld- 
ed together into 20-rail lengths on flat 
cars three miles from the site of their 
installation to which they were trans- 
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ported on the cars. The rails were of 
the 131-lb. standard section and were 
prepared at the rail mill ready for the 
welding process, the rail heads together 
with the upper 1 1/2 in. of the webs 
being machine-faced to assure clean true 
surfaces for joining and to avoid the 
necessity for carrying out this operation 
by and on the site. The normal fishbolt 
holes were replaced by a single hole 
13 1/2 in. from each end of the rail, 
which was used as an anchorage for the 
clamps necessary to produce the welding 
pressure. 


Two strings of rails, blocked up on 
sleepers and about 2 ft. from the sides, 
were mounted on the cars. The joints 
were made from one end, two welds 
being in progress at the same time, one 
in each of the strings of rails. An aver- 
age of 20 welds a day was made when 
the work was in full progress, with two 
men making the sand moulds; one part- 
time man with an oxy-acetylene torch 
undercutting the rail ends below the 
head for the fusion portion of the welds; 
one man cleaning the rail ends; two men 
aligning the rail, adjusting the sleepers at 
the joints, and fixing the clamps; two 
men placing the moulds; two men mak- 
ing the welds, including the operations 
of preheating, pouring, stripping and 
moving their equipment forward; and 
two men rough grinding the rail head at 
the welds. 

After welding, the rails were barred 
over to the centre of the cars about 3 in. 
to 4 in. apart so as to be subjected to the 
minimum movement in transportation 
round curves. End stakes were provided 
at about every third car to keep the rails 
in position, but otherwise no sort of fas- 
tening was made, nor had experience in 
transporting the rails even through 
curves of about 500 ft. indicated the 
necessity for any fastening since there 
was practically no movement of the rails 
on the cars. 


On arrival at the site, the rails were 
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Fig. 7. — Thermit welding process in operation. 
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Fig. 8. — Welded rails loaded on trucks ini, Fig. 10. — Thermit 
ready for transit. Electric flash weld. pressure weld. 
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barred off opposite sides of the cars by 
a gang of 14 or 15 men who accomplish- 
ed the task in from 10 to 15 minutes 
without difficulty. To prevent the ends 
of the long rail lengths whipping off the 
cars they were held to the nearest run- 
ning rail by loops of chain of sufficient 
length to restrict the lateral throw of the 
welded rail to the distance desired from 
the running rail. An alternative method 
of lifting the end of the rail off the cars 
was to use a ditcher derrick. 


The rails, as will be seen from one of 
the illustrations, were unloaded in such 
a way that they could be easily barred 
over to position in the track. The joints 
in the track at the ends of the long 
lengths of rail were Thermit welded. 


The experience gained from this trial 
installation demonstrates the advantages 
of welding into long lengths prior to 
laying the rails in the track, and opens 
up the way to the use of the electric 
flash method of welding. When Thermit 
welding is performed in sifu possession 
of the track has, of course, to be obtain- 
ed, which, according to the density of 
the traffic, increases the time and there- 
fore the cost of carrying out the work. 
In the earlier installations already men- 
tioned at Albany and Mechanicville, the 
rails were welded alongside the track, 
but often this method is less speedy and 
convenient than the method just describ- 
ed of welding the rails on the cars them- 
selves. 


Mr. Clarke stated in his paper that if 
the welds are properly made they give 
as good service as the unwelded part 
of the track, but in any case he did not 
feel particularly concerned about the 
safety of the welds because, even in the 
event of a fracture, the M. & L. type of 
fastening would prevent the rail from 
getting out of alignment. If breaks occur, 
either at joints or elsewhere due to rail 
defects, fresh plates will be applied tem- 
porarily and the breaks welded up later, 
a short section of rail being added for 
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the closure welds. Transverse fissures, 
said Mr. Clarke, did not present any 
greater difficulty in continuous rail than 
in the present track construction, as by 
keeping the heat members together any 
heat can be removed without difficulty. 
he use of the (Sperry detector ‘car; 
coupled with the controlled cooling of 
the rails, has greatly minimised this dan- 
ger. 

The rails which are being welded are of 
molybdenum alloy, two types of which 
are being tried, each with 0.35-0.40 mo- 
lybdenum and0.04maximum phosphorus, 
and one having 0.54-0.67 carbon, 1.20- 
1.50 manganese, and 0.10-0.15 silicon; the 
other has 0.67-0.80 carbon, 0.60-0.90 man- 
ganese, and 0).15-0.25 silicon. The phy- 
sical requirements for molybdenum rail 
are the same as for other rail, although, 
in several cases, it was found necessary 
to modify the drop test to a 15-ft. drop. 
The rails are not heat treated, but those 
laid subsequently to 1934 have been sub- 
jected to controlled cooling. 


There has been no perceptible move- 
ment of the long rails in the Delaware & 
Hudson installations, and indeed no indi- 
cation of any movement has been detect- 
ed between the clips and the rail 
throughout the entire stretch of the 
various installations; neither has there 
been any indication of movement in the 
joints at the ends of these stretches other 
than what would be normal in a 60-ft. 
rail. 

An account of the research work which 
is now being undertaken in connection 
with welding was given by Mr. Clarke at 
the conclusion of his paper. The various 
types of welds, he said, are being subject- 
ed to all the usual tests performed upon 
rail steel, including drop tests, tensile 
tests, bend tests, notch tests, and metal- 
lographic examinations. Perhaps the 
most important tests are those which are 
being made on a special machine which 
subjects the weld to a rolling wheel load, 
thus duplicating actual service condi- 
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tions as closely as possible. With this 
machine years of service in the track 
can be duplicated in a few weeks. It is 
probable that the A.R.E.A. Committee on 
Stresses in Track, which has had the 
Delaware & Hudson installations under 
close observation, should be able to fur- 
nish some interesting data at the March 
convention of the A.R.E.A. 


BULLETIN oF THE INT. Ratnway Concress ASSOCIATION 857 


Two other railways in the U.S.A. are 
reported by the Metal and Thermit Cor- 
poration of New York to be installing 
experimental lengths of long welded 
rails. One is the Bessemer & Lake Erie, 
which uses the Geo type of rail fasten- 
ing, now standard on the German State 
Railways, and the other the Southern, 
with ordinary double-shoulder soleplates. 


RECENT DEVELOPMENTS. 
IN RAILWAY PRACTICE. 


[ G24. 132.5 (.42) ] 


2-8-2 type three-cylinder engines, 
London and North Eastern Railway. 


As a development of the two 2-8-2 type 
passenger locomotives, No. 2001, « Cock 
o’ the North » (4), and No. 2002, « Earl 
Marischal » (2), which were put into 
service on the Scottish lines of the Lon- 
don & North Eastern Railway in 1934, 
a further series of four similar engines 
are now being completed at the Doncas- 
ter Works, to the designs of Sir Nigel 
Gresley, C. B. E., D .Se., the Chief Me- 
chanical Engineer of the Company, to 
whom we are indebted for the parti- 
culars hereafter. 

The first of these locomotives is num- 
bered 2003, and has been named « ‘Lord 
President ». 


The front end has been designed on 
similar lines to that of the « Silver Link » 
type engines (%), as this external form 
has been found entirely successful in 
lifting the smoke clear of the engine- 
man’s view. 


(1) See Bulletin of the Railway Oongress, 
June 1934, p. 626 and November 1934, p, 1218. 

(2) See Bulletin of the Railway Congress, 
January 1935, p. 129. 

(3) See Bulletin of the Railway Congress, 
November 1935, p. 1299. 


The boilers of the first three engines 
will be identical with that on the pre- 
vious 2-8-2 type engines, but the boiler 
of the fourth will be somewhat altered 
in its proportions, having a longer com- 
bustion chamber, giving a firebox heat- 
ing surface of 253 square feet, and a 
firebox volume of 319 cu. feet. The fire- 
grate has an area of 50 sq. feet and is 
fitted with narrow firebars giving 56 % 
air space. 

A 43-element « Robinson » superheater 
is fitted, the elements extending to within 
9 inches of the copper tubeplate. 

The three cylinders are 21 in. diame- 
ter x 26 in. stroke, and are cast in one 
piece, all three cylinders driving the 
second pair of coupled wheels. 

The piston rods and heads are of 
Class « C » steel forged in one unit. 

The piston valves are 9 inches in dia- 
meter and are fitted with narrow rings. 

The valves of the outside cylinders are 
operated by Walschaerts gear, whilst the 
inside valve is actuated through a system 
of two to one and equal levers from the 
outside valve spindles. The whole of the 
valve gear is fitted with ball and roller 
bearings. 
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A double blast and chimney is fitted 
in conjunction with « Kylchap » cowls. 

Access to the main smokebox door is 
obtained through doors in the front 
streamlined case, one of which lifts up- 
wards and the other drops downwards 
over the buffers. The doors are hand- 
operated through bevel gearing. A chime 
whistle is fitted in front of the chim- 
mey. 

The coupling and connecting rods are 
of nickel-chrome steel. 

The leading pony truck is of the 
double swing-link type with a translation 
of 5 1/2 in. each side of the centre line. 

The trailing carrying axle is fitted 
with « Cartazzi » axleboxes giving a side 
translation of 3 in. either side of the 
central position. 
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Vacuum brake is fitted to both the en- 
gine and tender; there being four 21 in. 
diameter brake cylinders on the engine, 
and two 21 in. diameter cylinders on the 
tender. 

The boiler is fed by a Davies & Met- 
calfe No. 12 Class H exhaust steam injec- 
tor on the right hand side, and by a 
Gresham & Craven No. 11 under foot- 
plate injector on the left hand side. 

The boiler and firebox are insulated 
with « Alfol » foil made up into the form 
of mattresses. 

The eight-wheeled tender carries 5 000 
gallons of water and 8 tons of coal. 

The weight of the engine and tender 
in working order is 165 tons 1 cwt. 


MISCELLANEOUS INFORMATION. 


1. — Electrified lines in Hungary, 
by E. LAJTHAY, 
Chief of Electrification, Hungarian State Railways. 


(Blectric Railway Traction, Supplement to The Railway Gazette.) 


The earlier electrified lines of the Hungarian at Hegyeshalom (*), but the technical and 
State Railways have become overshadowed in operating features of the lines are of interest. 
recent years by the Kando main-line electrifi- The pre-war electrifications are in the Buda- 
cation from Budapest to the Austrian frontier pest district and comprise a 60-mile system 
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Fig. 1. — Map of the railways in the vicinity of Budapest showing the various electrified 
as all of which, except the Budapest Underground, belong to the 


suburban and main lines, é ! 
Hungarian State Railways. 


(*) The Railway Gazette, July 7, 1933. — See also Bulletin of the Railway Congress, 
August 1933, p. 753. 
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on the 1000-volt p.c. principle and two lines 
aggregating 32 miles of the 12 000-volt single- 


city with the populous surrounding country. 
The route mileage is split up a follows between 


phase type. 
The Budapest local railways connect the 


Budapest-Godollo; Rakospalota-Godollo 
Budapest-Dunaharaszti; Budapest-Csepel 


Budapest-Szentendre . 


Budapest-Nagyteteny; Budapest-Torokhbalint 


Totally: 


Of these, 94.5 km. (58.7 miles) are double 
and 5 km. (3.1 miles) single line, and there are 
several smaller single line branches in addition. 
All are of standard gauge. Electric operation 
on the 1000-volt direct current system was 
inaugurated in the year 1911. 
with the Budapest 
worked at 600 volts D.c. 
the tramways include those from the Danube 
Quay (Duna to Csepel) and from Gellerth to 
Torokb@lint, and Rakospalota to the 
junction with the Budapest (Est)-Godollo line. 


Some tracks, 
common tramways, are 


Tracks common with 


from 


four different lines : 


Length of line. 


38.0 km. (23.6 miles). 
16.5 » (10.3 miles). 
20.0 » (12.4 miles). 
25.0 » (15.5 miles). 
99.5 km. (61.8 miles). 


The railways were originally fed by three 
steam power stations of their own, situated at 
Cinkota, Soroksar and Budafok. The electric 
energy for the Szentendre line was supplied by 
the Palffyter tramway generating station. These 
power stations have now been shut down and 
the railways purchase electric energy from the 
Budapest municipal electric works. The pri- 
mary current is 10 500-volt 50-cycle three-phase, 
and is transformed at the following substations 
into 1 000-1 200 volts p.c., or in some stations 
600 volts D.c.: 


Hig. 2. — Standard-gauge 1 000-volt p.c. motor-coach on Budapest suburban lines. 


Aucust 1936 


BUDAFOK : 
2 rotary converters of 600 kw. each. 
2 motor-generator sets of 200 and 250 kw. 


CinxoTa-NAGYITCE: 

1 mercury arc rectifier, 800 kw. 

2 motor-generator sets of 450 kw. each. 
GODOLLO : 

1 mercury are rectifier, 500 kw. 


1 motor-generator set, 450 kw. 


FILATORIGAT : 


— 


mercury are rectifier, 800 kw. 


2 motor-generator sets, 450 kw. each. 


PESTSZENTERZSEBET : 


a 


rotary converter, 600 kw. 
rotary converters, 300 kw. each. 
1 mercury are rectifier, 500 kw. 


ine) 


The overhead conductor was one of the first 
catenary suspension and weight anchoring 
systems. The weights used for compensating 
the variations in length due to temperature 
change are arranged at distances of 1000 to 
1200 m. (1095 to 1306 yds). The height of 
the trolley above rail level varies from 4.50 to 
6.20 m. (14 ft. 9 in. to 20 ft.), and the distance 
between poles varies, on the straight, between 
45 and 50 m. (49 and 55 yds). 


The rolling stock consists of: 


LOCOMOTIVES : 


11 two-axle, with multiple-unit control. 500 H.P. 
10 two-axle, with hand-operated control. 280 H.P. 
3 four-axle, with multiple-unit control. 440 HP. 


Motor COACHES: 


19 two-axle, with multiple-unit control. 210 H.P. 
21 two-axle, with multiple-unit control. 150 H.P. 
3 four-axle, with multiple-unit control. 440 H.P. 


66 two-axle. with hand-operated control 150 H.P. 
6 two-axle, with hand-operated control 210 H.P. 


TRAILERS : 


76 two-axle (multiple-unit). 

117 two-axle. 

26 two-axle open (summer traffic). 
6 four-axle (multiple-unit). 

10 four-axle. 
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Both locomotives and motor coaches were 
built at Budapest by Ganz and have nose- 
suspended motors. The locomotives have a 
baggage compartment in the centre. The third 
class motor coaches have end doors and hinged 
platforms with side rails to permit of passage 
from one car to another. The bogies have out- 
side plate frames and inverted laminated equal- 
ising springs on each side, connected to the 
laminated springs above the axleboxes. 


The are fitted with standard 
buffing and drawgear and also with a special 
centre coupler with side links at a low height 
above the rail. The motor-coaches are fitted 
with the second type of draw and buffing gear 
only. 


locomotives 


Vac-Godollo line. 


The Budapest-Vac-Godollo local electric rail- 
way, opened in 1911, can be regarded as an 
organic extension of the Budapest local electric 
It starts from Rakospalota-Ujpest, a 
suburb of Budapest ; it traverses a hilly country 
in a north-easterly direction to Veresegyhaza, 
11 1/2 miles, where it divides, a 6 1/2-mile 
branch south to Godollo and a 
13 1/2-mile branch north to Vac, on the banks 
of the Danube. The line is single throughout. 
The total track length imeluding station tracks 
amounts to 59.2 (56.7 miles) compared 
with the route mileage of 51.2 km. (31.9 miles). 
The steepest grade is 1 in 66, and the minimum 
curve 270 m. (890 ft.) radius. 

The energy is supplied by the Ujpest power 
station of the Phoebus ‘Electric Undertakings 
Co. Ltd. 
duced in this power station the railway was 
fed with 10 000-volt, 15-cycle single-phase cur- 
rent by means of three frequency converters 
of 1000 kVA. output each. But when a 
change-over to 50-cycle in the power station 
generation was made the railway frequency 
was raised to 18.75 and the voltage to 12 000. 
The energy flows through three cables to the 
Rakospalota switching station and flows from 
here direct into the contact line and also along 
feeder cables to Veresegyhaza. 


system. 


running 


km. 


As long as 42-cycle energy was pro- 


The overhead contact line is of the Siemens 


three-conductor suspension type. The messen- 


Fig. 5. — Motor-coach for local traffic between Budapest, 
Vac, and Godollo. 


Fig. 6. — Overhead suspension on Vac-Godollo 
section. 


ger cable is a 50 sq. mm. steel cable; the 
auxiliary supporting wire is of steel 6.5 mm. 
diameter, and the contact wire 70 sq. mm. 
grooved electrolytic copper. Its height above 
rail level is 3.50 m. (18 ft.). The tension ot 
the contact wire of the catenary system 1s 
maintained and adjusted at intervals of 1.5- 
2.0 km. (1 640-2 200 yds) by 400-kgr. (880 lb.) 
weights. The distance between the steel poles 
carrying the catenary system amounts to 100 m. 
(110 yds) on straight track and to 50 m. 
(55 yds) on the sharpest curves. 


The traffic is handled by means of four 
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electric locomotives, 11 motor coaches and 18 trailers, having the characteristics shown 
below : 
Locomotives. Motor coaches. 

Type : See at wets ee B+ B JA + Al 
Tare weight . Metr. (Engl.) tons 47 (46.3) 43 (42.3) 
Axle load . Metr. (Engl.) tons 11.8 (11.6) 10.6 (10.4) 
Maximum speedume. 2 5). - Km. (Miles, p.h. 40 (25) 50 (31) 
Trailing load over level track . Metr. (Hngl.) tons 210 (206.6) 60 (59) 
Trailing load up to 1 in 66. .Metr. (Hngl.) tons 160 (157.5) 40 (39.4) 
Wheel diameter .mm. (inches) 800 (31.5) 850 (33.5) 
Gear ratio oo 1 5c) lL: 4.13 
Transformer capacity 240 kVA. 180 kVA. 


The double-bogie locomotives have one motor 
per bogie, and this drives both axles through 
the medium of a jackshaft and triangular rods. 
The underframe of the locomotive is of built-up 
steel sections, stiffened below the outside mem- 
ber by a light girder frame. 
have two nose-suspended 


The motor coaches 
motors, and both 
types of motive power units have two panto- 
graphs with bow collectors. Heating 
lighting of the locomotives, motor coaches and 


and 


trailers is effected electrically from the trans- 
former. 


Main line. 


The electrification of the Budapest-Komarom 
section of the Budapest-Vienna main line was 


[ 686. 254 (.44) ] 


described in « The Railway Gazette » for 
July 7, 1933 (*). In September, 1934, the 
remaining section on to the Austrian frontier 
at Hegyeshalom was completed and a partial 
electric service inaugurated. By the spring 
of 1935, when 27 locomotives were in service, 
all the traffic was being hauled electrically 
except for a few local trains. The only main 
line service not worked electrically is the diesel 
railcar which runs once a day in each direction 
between Budapest and Vienna. The Ganz- 
Metro Vick locomotives have given most satis- 
factory performance, and the first two loco- 
motives built up respective mileages of 168 000 
and 190 000 miles during the initial 26 months 
of their lives. 


2. — Wireless installations at the Rouen Docks, French State Railways. 


(Le Génie Civil.) 


The State Railways first started to install 
wireless in 1917. The aim was to repeat the 
signal indications on the locomotives by Hert- 
zian waves; a radio conductor of the Branly 
type was used as a repeating relay, and the 
Augereau lock as receiver. 

At that time the results were not good 
enough to justify the complicated equipment 
which was very difficult to tune up. It was 
decided to abandon the tests and use metal 
brushes on the engines with crocodiles inside 
the rails for cab signalling. 

In 1919 and 1923, trials were made to com- 
municate between trains in motion, but the 
results obtained were not satisfactory. These 
trials were carried out by various firms spe- 


cialising in this class of work, and by the 
military authorities who used equipment of 
the aircraft type under the control of the 
late well known General Ferrié. 

The failure of these tests was due solely 
to the fact that, at that period, wireless know- 
ledge was insufficient for the delicate pro- 
blems that arose in railway work. This is 
no longer the case, as radio-electric equipment 
has been vastly improved in recent years. As 
a result it has been possible to install in the 
docks, at Rouen, a system of wireless com- 
munication between the control station in the 


(*) See also Bulletin of the Railway Con- 
gress, August 1933, p. 753. 
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dock offices (left bank) and a number of 
shunting engines working on the dock lines, 
over a radius of 15 to 20 km. (9.3 to 12 
miles). 


Control station. This station is fitted 
with a transmitting aerial carried on a wood 
pylon 22 m. (72/ 2/7): high. The receiving 
aerial is carried on the roof of the buildings 
100 m. (328’) away, to avoid reaction between 
the two aerials. The two aerials consist of 
a tube 2 m. (6’ 6 3/4/’) long, held in the 
vertical position by an insulated support. 
The 300-watt transmitter takes the power re- 
quired from the local supply system. 


Locomotive equipment. The equipment 
is contained in a strong cast aluminium case 
which is spring-supported inside a cast alu- 
minium cupboard sealed up to prevent its 
being tampered with by incompetent people. 

The transmitter consists of an oscillator, 
a symmetrical rectifier, and an amplifier with 
95 % modulation. 

Connection between the control cabin and 
the locomotive equipment is obtained by wire- 
less telephone working in duplicate on a 6 to 
S-metre wave length, these short waves being 
used to cut out parasitic oscillations. 

The set is tuned up once for all, the mes- 
sages are sent and received as with ordinary 
telephone. : 

The receiver is of the self-contained super- 
reaction type as used on aircraft, but consi- 
derably strengthened up. 

The hand microphones and loud speakers 
are of a special railway type. The control 
box is extremely robust; the visual indicator 
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provided prevents the enginemen making 
wrong movements. 

The engine equipment consists of a 100- 
amp.-h. battery, a converter, tubular type 
transmitting and receiving aerials, arranged 
as follows : 

When the observer occupies the driver’s 
seat, the transmitter and its aerial are fitted 
on the right hand. The accumulators and 
the converters are fitted on the same side 
of the locomotive. The receiver and its aerial 
are fitted on the left side. The following 
equipment is fitted in the cab, handy for the 
driver 

1. the control box for sending and receiving 
messages ; 

2. the microphone; 


3. the loud speaker above the driver’s head. 


The driver on starting has merely to turn 
the control knob to be able to send or receive 
a message. He can then talk to the control 
cabin without doing anything else except put- 
ting up the microphone to answer the ques- 
tion he receives by the loud speaker or to 
eall up the control station. 

This arrangment has improved the use of 
the shunting engines at the docks. The ar- 
rangment might be extended to trains on the 
open road, but this is not a practical proposi- 
tion so far, as the problem is so much more 
difficult. The difficulties will no doubt be 
overcome in the near future. 

The introduction of means of communica- 
tion between a fixed station and any train 
will also improve the dispatching system very 
considerably. 


ely AN( 
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3. — Lemaitre variable blast pipe. 


Improved performance obtained by the use of Lemaitre blast pipe 
on locomotives of the Nord Railway, France. 


(The Railway Gazette.) 


The accompanying drawings show the dis- 
tinctive features of the Lemaitre blast pipe. 
consisting of five convergent nozzles arranged 
symmetrically on a circle round a central 
nozzle, which is also convergent but of larger 
diameter and at a lower level. Variation of 
draught, to suit the requirements of opera- 
tion, is obtained by raising or lowering a 
« spear » of ovoid form (fig. 2) to alter the 
steam passage in the central nozzle. It is 
claimed that this blast pipe, in conjunction 
with a special chimney of large diameter act- 
ing as diffuser, gives substantially better re- 
sults than hitherto obtained. The subdivision 
of the steam flow provides a large surface 
of contact between the steam and the flue 
gases, while the form and high finish of the 
nozzles reduces back pressure to a minimum. 
The special shape and large dimensions of the 
chimney also contribute to the overall effi- 
ciency. 

The advantages of simplicity in construc- 
tion are combined with a wide range of varia- 
bility. The dimensions of the Lemaitre blast 
pipe and diffuser chimney as tried on Paci- 
fie locomotives of the series 3.1251-90 of the 
Nord Railway (France) are shown in figure 2. 
The sectional area of the steam passage is 
reducible from 243 to 150.5 em2 (37.7 to 23.3 
sq. in.) by ten approximately equal decre- 
ments, and this wide and easy variability is 
particularly valuable in the working of the 
Nord Company’s very fast and often heavy 
trains. Curves showing the smokebox depres- 
sion as a function of the back-pressure on the 
exhaust are shown in figure 3 for three set- 
tings of the blast-pipe spear, viz. : 


Notch 0, steam passage 243 cm? (37.7 sq. in.; 
(33.3 sq. in.) ; 
(28.4 sq. in.). 


Notch 3, steam passage 215 cm? 
Notch 6, steam passage 183 cm? 


BOILER 


Fig. 1 (left). — General arrangement of Le- 
maitre variable blast pipe and diffusing 
chimney. — Fig. 2 (right) showing regu- 


lating spear in central nozzle of Lemaitre 
blast pipe. 


These curves are plotted from measurements 
of the smokebox depression and steam back- 
pressure at the points indicated by A, B, 
respectively on the drawing. 

From trials already completed, it appears 
that compared with the Nord blast pipe, the 
Lemaitre type results in an increase in power 
which may exceed 200 u.p. for the same rate 


al 
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Fig. 3. — Smokebox vacuum and steam back-pressure 


5 6 


with various 


adjustments of Lemaitre blast pipe. 


of combustion. Alternatively, there is an 
average saving of fuel amounting to 10 % 
for the same work done. Besides its appli- 
cations on the Nord Railway of France and 
the Nord Belge, the Lemaitre blast pipe is 
also being tried by the Belgian National Rail- 
ways and the French State Railways. 
Owing to the maximum speed limit of 75 


m.p-h. imposed m France, hard uphill work is 
frequently called for, and it is under such con- 
ditions that a variable blast pipe shows to 
best advantage, for it enables the driver to 
modify the force of the blast near the end 
of the climb and so reduce the rate of steam 
generation. 
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4. — Second Congress of the International Bridges 
and Structures Association. 


(Berlin : 


The International Bridges and Structures 
Association, the Headquarters of which is at 
Zurich, is an association of the leading con- 
structional experts of all countries. 

The first Congress was held in Paris, .in 
1932, and the second is to be held in Berlin, 
this year, from the Ist to the 11th October. 
Nine meetings will be held, in the rooms of 
the Berlin Polytechnical School. The subjects 
to be discussed during the Congress are 


1. Ductility of steel; 


2. Stresses and safety factors in reinforced 
concrete structures ; 


1/11 October 1936), 


3. Welding constructional practice and me- 
thods ; 


4. Present tendencies in the calculation and 
design of reinforced concrete 
structures ; 


bridges and! 

5. Theoretical and experimental investiga- 
tions of unusual points of rivetted or weld- 
ed metal structures (joints, gussets, points at 


which concentrated loads act, etc.) ; 


6. Concrete and reinforced concrete in wa- 
terworks practice ; 


7. Investigations into ground conditions. 


August 1936 
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The programme also includes a number of 
formal meetings, as well as visits, 
sions, ete.). 


excur- 


So as to make the Congress as truly inter- 
national in character as possible, the whole 
of the documents will be issued in separate 
editions in the three official languages of the 


Congress (French, English and German). 
The discussions too will be translated into 


each of the official languages during each of 
the meetings. 

The preliminary documents in connection 
with the Congress will be sent out at the 
beginning of September. The Final Reports 
of the Congress will appear early in 19387. 
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The Association will publish, in September 
1936, the 4th volume of its Proceedings which 
forms a supplement to the reports to the Con- 
egress. 

Membership of the Congress including the 
subscription to the preliminary documents is 
40 Swiss franes for the members of the Asso- 
ciation and 60 Swiss franes for non-members. 
The subscription price to the Final Report 
is 15 Swiss frances. 

Enquiries should be addressed to the Inter- 
national Bridge and Structures Association, 
Jeole Polytechnique Fédérale, Swit- 
zerland. 


Zurich, 


NEW BOOKS AND PUBLICATIONS. 


[ 384. 742 (44) ] 


Recueil des Spécifications techniques et Cahiers des charges unifiés des Grands Réseaux 
des Chemins de fer francais (The French Main Line Railways’. Standard specifications). 


— New edition, revised up to November 1935. 
holder. — 1935, Paris; Dunod, publisher, 92, rue Bonaparte. [Price : 


A collection bound in a loose-leaf 
185 francs (French 


currency, — The holder alone: 10 francs. — Separate specifications: 1, 2, 3, 4, 6, 7, 12 
and 24 francs. — Table showing price of each specification sent free on application) ]. 


We called our readers’ attention in 
the September 1935 Bulletin to the new 
revised edition, published by Messrs. 
Dunod, of the standard specifications for 
metals and other materials used in the 
construction of equipment supplied to 
the French railways. Our readers will 
be interested to learn that some of these 


[ 628. 13 (.4) & 628. 3 (.4)] 


specifications have been revised and 
further new specifications issued up to 
November 1935. The out-of-date speci- 
fications can therefore be replaced by 
the latest issues and substituted for 
them in the loose-leaf holder. 


1gts 1D), 


BRUNNER (Pierre), Doctor of literature, Grenoble University. — Les Chemins de fer 
aux prises avec la nature alpestre (Railways and their fight with nature in the Alps). — 
A volume (10 x 6 1/2 inches) of 334 pages with many illustrations and inset plates. — 
1935, Allier Pére et Fils, Imprimeurs de |’Université, 26, Cours Jean-Jaurés, Grenoble, 
and A. Vogel, Kommissionsverlag, Winterthur. 


In his introduction the author refers 
to the very old and ever increasing 
trade currents between Italy and East- 
ern, Central, and Western Europe. These 
currents had always been impeded by a 
formidable barrier, the Alps, which en- 
circle the north of Italy from the Appe- 
nines to the Danube and the Dinaric 
range. Everything pointed to the ne- 
cessity of building railways across the 
Alps, and led to the great Alpine railway 
tunnels being driven in succession. 

On the other hand, the traffic in the 
Alpine valleys and from one valley to 
another gave rise to other problems and 
resulted in the construction of internal 
connecting lines between the great tun- 
nels, then to branch terminal lines, or 
high level lines or spur lines starting 
from the great tunnels or the connect- 
ing lines, or from the periphery. 

Finally, the growth of tourist traffic 
also led to the construction of lines up 


the mountains, beyond the valleys, to 
picturesque points, with special traction 
methods such as rack or cable. 

The construction of all these lines 
encountered extremely serious obstacles 
in the Alps. The great differences in 
altitude and the steepness of the valleys 
involved heavy gradients, sharp curves, 
extensive bridgewrick and long tun- 
nels. The nature of the ground made 
the work precarious. The severe cli- 
mate with its avalanches and sudden 
floods meant the construction of many 
additional works and determined the lo- 
cations of the lines. Suitable traction 
equipment, sufficiently flexible and 
sturdy had to be used, electric traction 
proving to be the best. 

The difficulties of railway construc- 
lion inthe Alps and the way they have 
been overcome are dealt with in this 
book. The subject is a comprehensive 
one and has been dealt with from all 
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aspects in the three hundred pages of 
the book. The author has obtained his 
information both directly from the rail- 
ways and from bibliographical sources. 
The main chapters are : 


I. Development and present state of 
the Alpine railway system: History. — 
Layout and density of the Alpine sys- 
tem. 


II. The Alpine railways and the- con- 
figuration of the country. 

Rectrictions owing to the width of the 
mountains; 

Rectrictions owing to their height; 

Unfavourable configurations; 

Favourable configurations. 


Ul. Alpine railways and the ground. 


Tunnels; 

Open cuts; 

Landslides onto the track; 

Landslides under the track; 

Suitabilbity of the Alpine rocks for 
buildings purposes. 


IV. Alpine railways and the cli- 
mate. 

Secondary factors—rain, wind rare- 
faction of the air; 

Temperatures; 

Snow. 
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V. — Alpine mouniain railways and 
waterways. 
Floods; 
Torrents ; 


River bridges; 
Water power. 


VI. 

Weights as determinated by the con- 
figuration; 

Alpine railway operating technique; 

Alpine railway train movements; 

Road competition and railcars. 


Alpine railway working. 


General conclusions. 
Bibliography. 


Additions and corrections. 


* 
* * 


The text contains 37 figures and maps 
illustrating many curves, loops, and 
bridges, and 15 inset drawings of dif- 
ferent structures or of noteworthy sites. 

The very large bibliography extends 
to 15 pages. 

This summary suffices to show the 
fullness and interest of the information 
contained in this book, which, although 
it does not pretend to be a treatise on 
the construction of Alpine railways, will 
be read and referred to with much in- 
terest by constructional engineers. 

Mr. BRUNNER has succeeded — and 
this is no small praise — in making a 
book of general interest one the expert 
will read with pleasure. tn 1D). 


Oil engines for road, rail and air transport (third edition). — A volume (8 x 5 1/2 inches) 


of 240 pages, with 240 illustrations. — Publishers : 


The Temple Press Limited, 


5-17, Rosebery Avenue, London E. C. 1. (Price: 5 sh, net.) 


This manual, of which this is the third 
edition, gives very full particulars of 
the different types of diesel engines used 
in motor vehicles, railcars, and aircraft. 
The previous editions dealt with the 
application of the diesel engine to road 
motor vehicles alone; this one gives full 
details of diesel engines used on railcars, 


and for this reason we call our readers’ 
special attention to it. 

Besides a brief summary of the work- 
ing principles of the heavy oil engine 
and its main parts, the book describes 
most of the engines now on the market. 

After dealing with the evolution of 
the petrol engine and the diesel engine, 
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and describing the earliest application 
of the latter to road, rail and air serv- 
ices, the manual establishes a parallel 
between the working principles of these 
two main classes of engine. The ques- 
tion of combustion is dealt with spe- 
cially under the three main methods of 
injection now in use: direct injection, 
pre-combustion chamber (ante-cham- 
ber), and separate air chamber. 

The important part of the book con- 
sists of two descriptive lists of the types 
of engine in use, one for road motors 
and light railcars, and the other for rail- 
cars or higher-power locomotives used 
on the open road and for shunting pur- 
poses. The engines in each case are 
classified alphabetically under the ma- 
kers’ names, the first containing 55 types 
and the second 37, manufactured by 
makers throughout the world. The text 
in most cases is illustrated by photo- 
graphs or diagrams. Each of these sec- 


[ 686. 254 ] 


BULLETIN OF THE INT. RatLway CONGRESS ASSOCIATION 


Aucust 1936 


tions is completed by a table giving the 
main characteristics of the engines ma- 
nufactured in Great Britain. 

Engines for industrial and agricul- 
tural tractors and for aircraft are dealt 
with on the same lines. 

The book then deals with the various 
types of fuel injection pumps, special 
metals and especially light alloys used 
in the engines, the design and construc- 
tion of cylinders, pistons, piston rings, 
blowers for surpercharging, etc. Fur- 
ther chapters are devoted to the selec- 
tion of fuels and lubricating oils, and 
specifications therefor, and to the costs 
of operating diesel-engined motor ve- 
hicles. 

This up-to-date manual gives a large 
amount of information on the use of the 
diesel engine, especially on railcars. It 
also gives a clear picture of the present 
state of the diesel engine industry. 

Ne (Ce 


FULLES (Dr. Theo), Diplom.-Kaufmann. a Die Eisenbahn-Personentariftheorien. Ein 
lehrgeschichtlicher volks- und betriebswirtschaftlicher Abriss. (Theories of passenger 


rates. 


Historical summary of general and operating economics.) — A volume (9 x 6 
inches) of XXII + 92 pages. — 1935, Cologne. 


Published by the « Institut fur Ver- 


kehrswissenschaft an der Universitat Koln », an der Bottmiihle. (Price: 6.40 Rm. — 
Special price for Members of the above Institution: 4.80 Rm.) 


In view of the many different works 
on railway passenger rates that have 
been published, a further book on the 
subject might appear superfluous. The 
rates structure of the different railways 
is, however, far from being based on any 
accepted theory, nor on any fully deve- 
loped theory. Circumstances, especially 
during the last two decades, have caused 
the rates to be altered to meet each day’s 
needs. The result has been numerous 
modifications, with many differentia- 
tions, and even peculiarities. 

The author noticed, in the situation 
brought about by these alterations, such 
consequences and defects that he was 
led to investigate the question afresh. 


He subsequently enlarged the scope 
of his researches by attempting to de- 
vise a theoretical basis on which to 
build a rational system of rates. 

The book contains much information, 
especially upon the work of German 
authors, some dating back to the begin- 
ning of the railways. 

By means of these data, the author has 
been able to show how road transport 
rates were already based on factors 
which are still taken into account when 
fixing railway rates. He then considers 
the theories that have been admitted at 
different times, and shows there have 
been well marked epochs in the evolu- 
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tion of rates. He either gives the theo- 
ries put forward by the principal authors 
he quotes, especially the mathematical 
ones, or summarises the fundamental 
theory and conclusions with particulars 
of the more or less satisfactory ways they 
have been applied. He also refers to the 
work done in connection with the cal- 
culation of the cost per unit carried and 
the relation of this cost to the rates. 
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The question of knowing how far 
scientific research can be used in build- 
ing up a rates system is discussed in the 
course of the book and in the last chap- 
ter. The author considers it most desir- 
able to be able to build on well esta- 
blished principles in times of crisis and 
transition, and to define rules which 
will maintain a happy balance between 
the standard and special rates. 

E. M. 


